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Abstract 
The complex and contrast methods are two separate, but related approaches to 
resistance training that present intriguing options for coaches who are seeking to enhance an 
athlete’s explosive lower body movement. This intrigue is caused by the post-activation 
potentiation (PAP) phenomenon, which provides the physiological underpinning for these 
training methods. Exploitation of the PAP response is believed to elicit acute responses, and 
ultimately chronic adaptations in an individual’s explosive force producing ability to an 
extent that is greater than can be obtained through conventional training methods. However, 
evidence to support the use of these training methods is derived from investigations that have 
reported acute increases in performance within a single session and not over an extended 
period of time. Additionally, the complex method of training, in which sets of a heavy 
resistance exercise (conditioning action) are performed prior to sets of a lighter explosive 
exercise has not been investigated as extensively as the contrast method, in which heavy and 
light exercises are alternated in a set-by-set fashion, leading to question which method is 
more effective. Furthermore, it is currently not understood if a static or dynamic conditioning 
action is more effective in complex or contrast methods, and how a change in body position 
from seated to standing acutely effects explosive lower body movement. Therefore, four 
studies were designed to address these current gaps in the literature. 
The first study sought to determine the reliability of the explosive force variables of 
jump height (JH), peak bar velocity (BV), peak force (PF), and peak power (PP) obtained 
from a countermovement jump (CMJ) test. In addition to the intraclass correlation coefficient 
(ICC), and the coefficient of variation (CV) for each variable used to assess explosive leg 
muscle function, the typical error of measurement (TEM) was also determined so a change in 
a variable could be distinguished between the “noise” associated with test, and a true change 
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in its expression. On two separate days, participants executed three sets of four CMJs. It was 
determined that all variables possessed acceptable reliability, however the variables of PP and 
PF did not improve significantly from the first to second testing session, therefore these 
variables were used to determine the efficacy of each complex and contrast protocol utilised 
in the second study. 
 The second study of the thesis examined the acute responses to five different 
“unconventional” resistance training methods which attempted to capitalise on a PAP 
response and one conventional session where CMJs were performed without any influence 
from a previous conditioning action. Both static and dynamic muscle actions were used as a 
conditioning action, including one session using a static conditioning action from a leg press 
position rather than a squat, to assess the influence of body posture during the conditioning 
action. Results from this investigation demonstrated that the conventional method produced 
the greatest mean PP output, however the complex method using a dynamic back squat as a 
conditioning action was the only unconventional method that produced a PP output that was 
not significantly less than the conventional. Because of this finding, the conventional and 
complex methods were compared in a nine-week longitudinal study. 
 The third investigation of this thesis was a nine-week training study in which 
participants were randomly assigned to two training interventions, conventional (n = 11) or 
complex (n = 9). The volume and intensity of lower body resistance training was constant 
between the two groups throughout training; the only difference was the complex group 
completed their heavy back squats prior to their CMJs and the conventional group completed 
their CMJs prior to their heavy back squats. Following the nine-weeks of training the only 
variable that demonstrated a significant (P < 0.05) between groups interaction was the 
running vertical jump, in which the complex group improved significantly greater than the 
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conventional group. Additionally, it was observed that following training the CMJ variable 
that showed the greatest improvement in both training groups was the JH.  
Due to the dramatic improvements observed in CMJ height, that were not observed in 
other variables, it was questioned whether the specific instructions provided to participants 
during training and testing throughout the study to “jump for maximal height” had any 
influence on these results. This question led to the design of a fourth study. Though not 
directly related to complex or contrast training, this investigation into the effects of 
instructions on CMJ variables has scope to alter the way this test is conducted both in 
research and in a practical setting. In the final investigation 18 recreationally trained athletes 
executed CMJs following two specific sets of instructions; (i) “In this condition, just 
concentrate on jumping for maximum height,” and (ii) “In this condition, just concentrate on 
extending the legs as fast as possible to maximise explosive force”. It was determined that the 
variables of JH and BV were significantly greater in the jump height instruction than in the 
fast leg extension instruction, however PF was greater in the fast leg extension instruction. 
The variable of PP was not significantly different between instructions. Results from this 
investigation highlight the importance of specific instructions on CMJ performance and that 
standardised instructions should be provided prior to executing the test. As the conception for 
the fourth study arose from the training study, its results did not influence the design of any 
other investigations within the thesis, however, because the results of the fourth study hold 
implications for future investigations that use the CMJ to assess explosive leg muscle 
function, as was done in the other studies within this thesis its inclusion within this body of 
work is justified. 
 From the studies presented in this thesis, it can be concluded that in recreationally 
trained athletes, the unconventional protocols utilised should not be used to produce an acute 
response in muscle power that is greater than what can be achieved through conventional 
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training. Although not greater than conventional, the acute PP response from the complex 
method was not significantly different than the conventional and this trend held consistent 
following nine weeks of training. Prior to these investigations, minimal attention has been 
paid to complex method and the findings from the acute and longitudinal studies demonstrate 
that the complex approach can be used in recreationally trained athletes without significant 
decrements in PP output. 
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1.1. Background 
 The optimisation of resistance training to enhance maximal mechanical power and its 
constituents of force and velocity is of the utmost importance for coaches and athletes. 
Resistance training programs, designed to enhance the specific strength qualities which 
underlie successful execution of sport-based movements that rely on power, such as sprinting 
and jumping, are now common practice at elite and sub-elite levels of competition (83, 32). 
Regardless of the training method utilised, resistance training sessions to enhance explosive 
movement should maximise a physiological state of preparedness in which an athlete can 
optimise force production and minimise the state of fatigue.  Within the training session, the 
order in which exercises are performed, the recovery between sets, the intensity of the 
exercise and the type of muscle action used in training (e.g. static vs. dynamic) are all factors 
which influence the athletes capacity to maximise force production (99, 104). Contention still 
exists however, as the optimal combination of these training factors to maximise explosive 
lower body movement. Ongoing research is therefore warranted to better inform coaching 
practice to maximise improvements in power. 
When using a conventional approach to programming a resistance training session, 
power exercises should be performed in a physiological state void of fatigue (prior to strength 
exercises) (8, 38, 103). However, there is currently evidence supporting the use of 
unconventional resistance training methods that attempt to elicit muscle’s post-activation 
potentiation (PAP) response and maximise muscles explosive force-generating capacity, to a 
greater extent than that obtained through a conventional training design                                
(5, 14, 39, 73, 83, 100, 124). The PAP response is an acute increase in the muscle’s force-
generating characteristics as a result of its contractile history (114). It has been postulated that 
both the PAP response and the fatigue response co-exist following the performance of a 
heavy resistance exercise, then after a period of recovery, PAP overcomes fatigue 
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culminating in an acute super-compensation effect in the force-generating capacity of muscle 
(99, 103, 114). Figure 1.1 is a visual representation of the fatigue and PAP relationship 
following a strength exercise.  
 
Figure 1.1. The PAP vs. Fatigue relationship following a conditioning action. Adapted from 
Sale (104). 
 
Basic research that has investigated the muscle’s PAP response has utilised 
involuntary muscle actions to demonstrate that following a maximal contraction there is an 
acute increase in its force-generating qualities, such as mechanical power and rate of force 
development (RFD) (1, 45, 46). Researchers and coaches have coined the terms ‘complex 
training’ and ‘contrast training,’ as the practical applications of PAP protocols to be used in 
resistance training programs. Based upon the theory of PAP, it is believed that complex and 
contrast training hold the potential to enhance an athlete’s explosive force-generating 
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capacity to a greater extent than what can be achieved through conventional resistance 
training practices (3, 42, 84). 
 Currently, contention exists regarding the specific definitions of these terms, with the 
two often used interchangeably. For the remainder of this thesis, the specific definitions of 
complex training and contrast training are taken from Duthie, Young and Aitken (35), in 
which complex training is defined as “various sets of groups/complexes of exercises 
performed in a manner in which several sets of a heavy resistance exercise (conditioning 
action) are followed by sets of a lighter resistance exercise” (pg. 530). Contrast training is 
defined as “a workout that involves the use of exercises of contrasting loads, that is, 
alternating heavy (conditioning action) and light exercises set for set” (pg. 530). Table 1.1 
provides an example of the differences in structure between conventional, contrast and 
complex sets. 
 
Table 1.1. Example of conventional, contrast and complex sets. SQ = squats performed with 
85% of max (strength exercise), JS = jump squats with < 50% of max (explosive exercise). 
 
Type of Set Structure of Sets 
Conventional Sets JS,  JS,  JS, SQ, SQ, SQ 
Contrast Sets SQ, JS, SQ, JS, SQ, JS 
Complex Sets SQ, SQ, SQ, JS, JS, JS 
 
 Complex and contrast training present intriguing options for coaches when attempting 
to enhance the explosive force-generating capacity of athletes, and has recently provoked 
much interest in the strength and conditioning community (114, 32, 84). However, attempting 
to practically apply the theory of PAP into a resistance training session, with the goal to 
acutely and ultimately chronically enhance explosive muscle function, is not a novel concept. 
Forty years ago, Russian researchers and coaches Verkhoshansky and Tatyan (118) 
experimented with the effects of performing ‘speed-strength’ exercises (which was a popular 
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term in Europe used to describe any movement that requires the development of both speed 
and strength) following the execution of heavier strength exercises. It was believed that the 
execution of heavier exercises at the start of a training session placed the neuromuscular 
system in an excited state causing enhanced “speed-strength” capacity. Currently, coaches 
use evidence from studies which have demonstrated acute enhancements in variables 
associated with explosive muscle function as justification for the use of complex or contrast 
protocols to elicit a chronic muscular adaptation in explosive muscle function (32). 
Unfortunately, there is a dearth of investigations that have attempted to quantify the effects of 
either complex or contrast training following a substantial training period on variables 
associated with explosive muscle function. This leaves to question whether training for an 
extended period of time with these methods can elicit improvements in explosive muscle 
function that are greater than training with a conventional method. Furthermore, the majority 
of the acute studies have focused on the efficacy of contrast sets, with little attention paid to 
complex sets and only one investigation directly comparing the two methods (35).  
Even with the increasing popularity in research and application of PAP inducing 
protocols, numerous gaps still exist in the literature, that when filled will help guide coaching 
practice.  For example, it is still unknown what is the optimal muscle action (static vs. 
dynamic) to maximise muscle’s PAP response. There is currently evidence supporting the use 
of static conditioning actions over dynamic (47, 48, 100) whilst other research has 
demonstrated the opposite with dynamic conditioning actions being effective than static 
(101). Additionally, there is evidence in the literature that supports the notion that an 
individual’s physical characteristics influence their ability to capitalise on PAP (15, 50,114), 
however the influence of an individual’s level of strength and their ability to capitalise on 
PAP in various protocols has not been addressed. Furthermore, the original definition of 
“complex training” by Ebben and Watts (37) states that “complex training alternates 
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biomechanically comparable high-load weight training and plyometric exercises in the same 
workout.” (pg. 18). However, the importance of the biomechanical similarity between 
conditioning action and measure of performance has yet to be investigated.  With the rising 
interest in complex and contrast protocols it is vital that coaches are well-informed through 
research of how to use the methods to maximise improvements in variables associated with 
lower body explosive muscle function, including peak mechanical power output.  
1.2. Statement of the problem 
An athlete’s ability to generate high levels of maximal power has been shown to be 
vital for many sports (5, 108, 127). Therefore, coaches seek training methods which 
maximise the enhancement of this specific physical quality. Although unconventional in 
design, complex and contrast training are popular methods used by coaches, however there 
are currently gaps in the literature which need to be addressed to better understand how to 
optimise these methods, including their effectiveness when compared to conventional 
training methods. It is still unknown: 
• If variables associated with lower body explosive muscle function are reliable 
across several sets of CMJ’s within a testing session and across testing sessions 
separated by 48-72 hours.  
• Whether complex or contrast sets are more effective in optimising lower body 
explosive movement. 
• If either static or dynamic conditioning actions are more effective in optimising 
lower body explosive lower body movement. 
• How important biomechanical specificity is for the conditioning activity to 
optimise lower body explosive movement. 
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• Whether strength influences the variability in the individual responses to 
complex and contrast training, and therefore impact how coaches can prescribe 
these training methods. 
• If the complex or contrast methods are superior to conventional methods for the 
development of explosive leg muscle function when implemented over an 
extended period of time. 
 
1.3. Research Questions 
Study One: 
The research question for Study One was: What is the intra- and inter-session 
reliability of several variables of lower-body explosive muscle fucntion assessed through the 
CMJ. Results from the reliability study will establish the typical error (TE) for each variable 
obtained from the CMJ, to ascertain if changes in variables observed in Study Two can be 
classified as true change outside of the typical error obtained from Study One. 
Study Two: 
The main research question driving Study Two was: What is the optimal resistance 
training protocol to maximise an acute enhancement in lower body muscle function? It 
should be noted that several variables of lower body explosive muscle function were 
assessed, however, more specific attention was paid to mechanical power output as this 
particular variable is commonly believed to have a stronger relationship to sprint and jump 
performance (5, 27, 108). The following, more specific questions will also be addressed in 
Study Two: 
• Is a complex or contrast training protocol more effective at acutely enhancing 
lower body explosive muscle function? 
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• Are static or dynamic muscle actions more effective for maximising lower 
body explosive muscle function? 
• What is the relationship between an individual’s level of strength and the 
ability to acutely respond to complex or contrast protocols? 
• How does an altered body position (squat vs. leg press) in a contrast protocol 
influence lower body explosive muscle function? 
Study Three: 
The underlying question asked in Study Three was: Can a nine-week complex training 
program elicit greater improvements in lower body explosive muscle function, sprint and 
jump performance than a conventional training program? The additional, more specific 
questions were investigated in Study Three: 
• What is the correlation between measures of lower body strength, variables 
associated with lower body explosive muscle function, sprint and jump 
performance?  
• What is the relationship between a change in a physical quality and a change 
in performance? 
Study Four: 
The main research question for Study Four was: What are the effects of specific 
instructions prior to the execution of CMJ on lower body explosive force variables? It should 
be noted that the need to conduct this investigation was presented while analysing results 
from Study Three. Therefore, this investigation is presented as the final study of the thesis 
even though in theory, it should be presented at the start of the document. 
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1.4. Significance of the thesis 
Within the body of knowledge regarding complex or contrast training, there is 
currently a lack of long-term studies to provide justification for its use as viable training 
method to produce a chronic adaptation in muscles explosive force-generating capacity. The 
investigations making up this body of work provide a comprehensive approach used to 
determine an optimal resistance training protocol to acutely enhance lower body explosive 
muscle function, which then transitioned into a nine-week training program to assess chronic 
adaptions and their transfer to sprint and jump performance. The final investigation of this 
thesis possesses the potential to alter the future methodological processes used when 
conducting the CMJ to assess lower body explosive muscle function. It is understood that the 
use of recreationally trained participants may be seen as a limitation for future application to 
elite sport. However, regardless of the training status of the participants in these 
investigations, results from this thesis will provide valuable information for coaches, sports 
scientists and researchers interested in complex and contrast training, and the use of the CMJ 
to assess lower body explosive muscle function. 
1.5. Thesis organisation 
This thesis has been systematically structured to address several key issues currently 
facing the use of complex and contrast training programs. The following chapter is an in-
depth review of current literature. It provides information on the mechanisms believed to 
cause the enhanced force-generating capacity of muscle associated with complex and contrast 
training, current issues facing the successful application of complex and contrast training 
programs, as well as current practices in the training and testing of lower body explosive 
muscle function. Chapter Three addresses the intra- and inter-session reliability of variables 
associated with lower-body explosive muscle function obtained through a CMJ. Chapter Four 
is an investigation of the acute effects of complex, contrast and conventional training 
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protocols using both static and dynamic muscle actions on variables associated with 
explosive movement. The results of the study detailed in Chapter Four then influence the 
training study described in Chapter Five. The training study is a comparison of changes in 
variables associated lower body explosive muscle function, sprint, and jump performance 
following nine weeks of complex or conventional training programs.  Chapter Six, 
investigates how specific instructions to either focus on the height obtained during the CMJ 
or the speed of leg extension during the CMJ influences variables of explosive muscle 
function. In theory, this investigation should come at the beginning of the thesis, as it is 
methodological in nature. However, it was the results of the training study which led to the 
design of this investigation. Although not specific to complex and contrast training, its results 
help aid in the discussion of the results from both the acute and training studies within the 
thesis, and have a wider application to all training and assessment of lower body explosive 
muscle function. The final chapter is a discussion and summary of findings along with 
conclusions, including practical applications and suggested directions for future research in 
the area.  It should be noted that all references are pooled and presented as a complete list at 
the conclusion of Chapter Seven. 
1.6. Assumptions 
The following assumptions were made: 
1. Participants executed each CMJ in testing and training at a maximum intensity. 
2. Participants executed each static conditioning action at a maximum intensity. 
3. Each participant was honest regarding their consumption of caffeine prior to 
testing and training. 
4. Each participant was honest regarding their intake of nutritional supplements 
during training.   
5. The 5RM and 1RM testing during the acute and longitudinal studies were 
accurate representations of the participant’s lower body strength. 
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6. The instructions regarding jumping technique were fully understood by all 
participants. 
7. The standardised warm-up provided to all participants was adequate. 
1.7. Delimitations 
1. The cohort of the studies was limited to recreationally trained male athletes. 
2. The results of the acute and longitudinal studies are specific the exact protocols 
utilised. Results may differ when the variables of volume, intensity and rest are 
manipulated. 
3. The scope of the studies did not include any investigation into the mechanisms 
believed to be associated with PAP. 
1.8. Limitations 
The following limitations were considered before interpreting the results of the 
investigations. 
1. Participant’s dietary intake was not controlled for in any of the investigations. 
2. The training for the specific sport the participants competed in was not 
controlled for during the investigations. 
3. The use of recreationally trained athletes allowed for a greater ceiling for 
strength and power gains compared to athletes with more experience in a 
structured strength and power training program. 
4. Due to the lack of available space sprint testing occurred on a rubber all-purpose 
surface which may have negatively impacted the participants ability to 
accelerate maximally at the start. 
5. Participant availability for the training study was restricted by the academic 
calendar, therefore when required to account for pre-post testing the study 
duration was limited to 9-weeks. 
6. The sample sizes of the investigations within this thesis were determined from 
previous research in the area of training to improve muscle power. Therefore, a 
power analysis was not conducted to determine the minimal sample size 
required which may have increased the chances of type I error.  
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2.0. Overview of literature review 
This chapter is a comprehensive review of literature focused on acute and chronic 
responses to conventional, complex and contrast resistance training protocols. In an attempt 
to better understand these training approaches, this review and discussion of investigations 
concentrates on variables associated with explosive muscle function, specifically mechanical 
power output. Additionally, it provides an in-depth review of the physiological mechanisms 
associated with the PAP response. Furthermore, emphasis is placed on the complex 
interaction between the muscles fatigue response and PAP response and how previous 
investigations have sought to manipulate intra-session training parameters including loading, 
recovery time, and contraction type, in an attempt to bridge the gap between basic laboratory 
investigations on PAP and more applied research on contrast and complex training. 
2.1. Measures of explosive muscle function 
Explosive force production is the ability to exert maximal forces in minimal time (129). 
Explosive lower body muscle function can be assessed by determining the jump height, the 
rate of force development, the velocity of the movement, and the mechanical power output 
measured in Watts (123, 22). Each of these variables has been shown to represent 
independent qualities of explosive muscle function. For example, recent research by Young, 
Cormack and Crichton (123) reported a correlation of r = 0.411 between the height obtained 
in a CMJ and the power produced during the movement indicating that these two qualities 
possess only 17% commonality, indicating that they represent different physical qualities. 
Although it is not yet clear which specific expressions of CMJ performance are most 
important for various sports (123), mechanical power output is widely considered to be an 
important variable for leg explosive muscle function and sports performance (6, 25-28). 
Therefore, ongoing research to better understand training methods to optimise its 
development is warranted. 
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2.1.1. Power output 
The basic definition of power is the product of the force generated during a movement 
and the speed at which the movement is performed (30,75). 
 
Power =  𝑊𝑜𝑟𝑘
𝑇𝑖𝑚𝑒
 
= 𝐹𝑜𝑟𝑐𝑒 𝑥 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑇𝑖𝑚𝑒
 
= 𝐹𝑜𝑟𝑐𝑒 𝑥 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 
The force-velocity-power relationship is depicted in Figure 2.1 Maximal power output (Pmax) 
occurs at a point in time when optimal force and velocity production are present. The 
relationship between force, velocity and power dictates that during a concentric contraction, 
as the velocity of movement increases the force production decreases. This inverse 
relationship is owing to the decrease in the time available for cross-bridge attachment within 
the muscle to occur; therefore, maximal power production is optimised with a combination of 
submaximal force and velocity (26, 27, 48, 122).  
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Figure 2.1. Adapted from Toji and Kaneko (115) illustrating the relationship between force, 
velocity and power output 
 
 
2.1.2. Neural influences on power output 
As the nervous system governs the ability of the muscular system to activate, there are 
several neural factors which directly influence power production (26). The capacity to 
generate force is directly related to the amount and type of motor units recruited (103, 57). 
The order in which motor units are recruited is dictated by their size and ultimately the fibre 
type that they innervate, however the capacity to activate the necessary higher order motor 
units in a timely fashion is what ultimately affects power production (26, 57). Additionally, 
the rate at which impulses are sent from the motor neuron to the muscle fibre, known as the 
firing frequency, greatly influences force production characteristics (103). Increases in the 
firing frequency leads to an enhanced rate of force development (RFD) and also an increase 
in the amount of force produced (103). Concomitantly, with the previously mentioned neural 
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influences, it is the inter-muscular coordination that determines the timing and magnitude of 
activation for both agonist and antagonist muscles that plays a vital role in power production, 
especially in complex sports skills (103). During movement, the amount of force produced by 
the antagonist muscles can be counter-productive to the power output produced by agonist, 
however training has been shown to induce adaptations that optimise co-activation by 
decreasing the antagonist activation (26, 103). 
2.2. Training practices to enhance power  
2.2.1. Traditional strength training 
Strength is the ability of a muscle or muscle group to generate force against a 
resistance, and maximal strength is the ability to generate maximal force against a resistance 
(75). Due to the relationship between force production and power, strength is a foundational 
physical quality that must be present to some extent for power to be produced (27). This 
notion is evidenced by studies that have reported the differences in power output between 
stronger and weaker subjects. For example, Baker and Newton (7) reported that stronger 
national level rugby league players with a mean 1RM back squat of 175.0 ± 27.3kg were able 
to generate significantly greater (P ≤ 0.05) lower-body power output of 1897.0 ± 306.0W, 
than their weaker state-level counterparts who were reported to have a mean back squat of 
149.6 ± 14.3kg and a maximal lower body power output of 1701.0 ± 187W. This highlights 
that individuals who have a greater capacity to express force can produce greater levels of 
power. More recently, using non-athletic participants with minimal strength training 
experience, Cormie, McBride, McCaulley (23) reported that the relative maximal power 
(50.2 ± 5.2W/kg) output was less (P ≤ 0.05) in weaker participants with a mean relative 1RM 
of 1.32 ± 0.14kg/bw than stronger participants whom possessed greater (P ≤ 0.05) relative 
1RM of 1.97 ± 0.08 and relative power output 59.8 ± 3.8 (W/kg).  
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The power enhancing capabilities of traditional strength training exercises such as the 
bench press and the back squat is limited because the bar must be decelerated towards the end 
of the range of motion. Previous research by Newton et al. (93), drew attention to this 
limitation for optimising power development. During the investigation, participants were 
instructed to execute a bench press with 45% of their 1RM as explosively as possible, and 
this condition resulted in bar deceleration accounting for approximately 40% of the range of 
motion and a lower (P = 0.00) power output of 568.0 ± 133.0W, compared to when the bar 
was projected into the air, which resulted in no deceleration and a power output of 950.0 ± 
174.0W. It is because of this principle that ballistic-type exercises are often recommended for 
the development of power (27, 48). 
2.2.2. Ballistic exercises 
Ballistic style exercises such as a bench throw, various medicine ball throws and jump 
squats are often recommended for power development (48, 27) because the load is able to be 
accelerated through the entire range of motion resulting in greater power outputs. However, 
ballistic exercises possess additional appeal to practitioners because of their specificity to 
sport-based movements such as jumping, throwing and sprinting (27). This is supported by 
the results from Newton, Kraemer and Häkkinen (92), who found that eight weeks of ballistic 
training with jump squats in highly competitive collegiate volleyball players with at least five 
years of jump training elicited improvements (P < 0.01) of 5.9% and 6.3%  in standing and 
running vertical jump. Non-significant improvements of 1.3% and 0.18% were observed from 
the control group which completed traditional lower body strength training consisting of the 
squat and leg press with a 6 repetition maximum (RM) load. Additionally, it has been 
reported that in-season ballistic training produced a significant 5.3% improvement in jumping 
performance within a population of highly-trained jumpers, whereas traditional strength 
training led to a 5.4% decrease in jumping performance (92). Furthermore, lower body force 
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generating characteristics such as peak force, peak velocity and peak power can be easily 
overloaded during the jump squat by adding or subtracting weight from the jump which 
allows training to span the entire force–velocity spectrum. When training with ballistic 
exercises to enhance peak power there is an ‘optimal’ load which maximises its production 
(24, 27). In the jump squat this ‘optimal’ load has been shown to be with no additional 
external loading, although when prescribing conventional training, the use of external loads 
from heavy to light that span the force-velocity spectrum has been shown to be most effective 
for producing improvements in strength and power. (24).  
2.2.3. Plyometric Training 
Although ballistic in nature, plyometric training is focused on enhancing qualities of 
explosive muscle function, including mechanical power, through improving the muscle’s 
stretch-shortening cycle (80). As plyometric training is typically performed without external 
resistance, this training methods aims to overload the neuro-muscular system to elicit an 
adaptation in force production through increasing the rate at which a muscle stretches while 
attempting to minimise the time course of the stretch shortening cycle, therefore more force 
and power can be produced from a stretch-shortening cycle compared to a concentric only 
contraction (26). Similar to ballistic methods, plyometric training can possess similarities to 
athletic movements including sprinting, jumping and throwing. When plyometric training is 
combined with other methods of power development in a training program, the improvements 
in power output and performance measures are greater than when the methods are 
implemented independently (41). 
2.2.4. Olympic Weightlifting Exercises 
Variations to the Olympic weightlifting exercises are frequently applied in power 
training programs (36, 107). These exercises use moderate loads to achieve moderate force 
and velocity and therefore result in high power outputs, requiring the athlete to accelerate the 
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resistance while extending the ankle, knee and hip joints in a similar pattern to sprinting and 
jumping (62). Owing to the force production characteristics of the Olympic weightlifting 
exercises and their variations, it is postulated that these movements will improve an athlete's 
capacity to generate high movement velocities against a moderately heavy resistance, similar 
to blocking in American football or completing a tackle which is common in numerous codes 
of football (26). A limiting factor for the implementation of Olympic weightlifting 
movements into a training program is the high technical complexity of the exercises requiring 
coaches to determine if the possible adaptations from training with Olympic weightlifting 
style exercises outweigh the amount of time needed to teach the movements. 
2.2.5. Assisted and Resisted Sport Specific Movement Patterns 
Providing additional resistance to movement patterns common to many sports such as 
running, jumping, or throwing, is a training method believed to produce maximal 
transference from training to performance (76). Traditionally resistance is applied via a 
weighted vest, a weighted sled, or a heavier implement (e.g. ball, shot, discus) to be used 
during training or as a component of a warm-up (39, 69). Recently, results published by West 
et al. (119) demonstrated that sprinting with a sled resulted in significantly greater (P < 0.05) 
improvements in 10m and 30m sprint times in professional rugby players compared to 
conventional sprint training with no additional resistance. Resisted sport specific movements 
provide practitioners with a sport-specific method of training, however, there is evidence to 
support that if external resistance is too heavy, the technical aspects of the movement may be 
acutely compromised (76,64). 
2.3. Complex and Contrast training 
As mentioned in the introduction, complex and contrast training are two separate 
methods that aim to acutely, and possibly chronically, enhance muscles’ force generating 
capacity through capitalisation of the PAP response. Although there is a plethora of literature 
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on the acute effects of these methods, the findings have been inconsistent (See tables 2.1 – 
2.4, pg. 30-33). The lack of consistent findings in this topic area has led to question the 
optimal protocol to acutely enhance power output. In addition it is unclear whether these 
methods should be used to elicit a chronic adaptation.  
2.3.1. Historical perspective of complex and contrast training 
The use of complex and contrast training to acutely, and possibly chronically, enhance 
the force generating capacity of muscle was first investigated in 1973, by the researchers 
from the then Soviet Union, Verkhoshansky and Tatyan (118). These scientists investigated 
whether the positive effects of strength-dominated work could be used in a training session to 
enhance “speed-strength” development. Although the improvements reported in speed-
strength performance following 14 weeks of training in a group of athletes who completed 
strength exercises prior to speed-strength exercises were not greater than in athletes who 
executed speed-strength prior to strength, this novel approach to enhance explosive muscle 
function has since sparked intrigue among coaches and researchers alike. However, decades 
later, the research by Verkhoshansky and Tatyan (118) is still one of the few published 
training studies that assessed an unconventional method underpinned by PAP  
In 1986, following a tour of the Moscow Institute of Sport with the previously 
mentioned Dr. Yuri Verkhoshansky, Fleck and Kontor (42) published an article in the NSCA 
Journal which introduced “complex training” to westernised strength and conditioning 
coaches. In this article, Fleck and Kontor (42) describe complex training as a “series of 
several exercises performed in succession with the goal of the entire complex the 
improvement of one physical characteristic” (pg. 66). Several variations of this definition 
have since been presented, such as “contrast loading” (5) or “strength-power-potentiation 
complexes” (111) all of which are used to describe a training method where strength-oriented 
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exercises, such as a heavy back squat, are used to enhance a power orientated exercise, such a 
jump squat.  
2.3.2. Complex & Contrast Training and PAP 
The phenomena of PAP is applied to resistance training through complex or contrast 
methods (31). When the aim is to enhance performance of explosive athletic movement 
patterns such as sprinting and jumping, coaches believe these methods to be superior (84, 31, 
17). For example, in a non-peer reviewed book with no research to support his claim Chu 
(17) claimed that “Power increases achieved through complex training are up to three times 
more effective than conventional training programs!” Statements such as the one made by 
Chu have sparked interest within the sports science community however, there is still a need 
for clarity in the area, specifically to determine if there is a specific protocol to optimise acute 
responses in explosive muscle function, and to ultimately assess chronic adaptations in 
explosive muscle function, sprint and jump performance compared to conventional methods. 
Furthermore, it is not known whether possible gains from complex or contrast training is 
mediated by variables such as training history, strength level, gender or the type of 
conditioning stimulus. 
2.3.3. Physiological Mechanisms Associated with PAP 
Although not directly measured during the investigations described within the thesis, 
there are currently three physiological occurrences associated with muscles PAP response. 
Knowledge of the mechanisms associated with PAP provide the theoretical underpinning for 
the research conducted into complex and contrast training. 
2.3.3.1. Phosphorylation of regulatory light chain 
 Klug et al. (74) found that following stimulation of the muscle, the myosin light chain 
became more sensitive to calcium leading to a more forceful contraction. Furthermore, 
Sweeny and Hull (112) reported an increased rate of force development associated with the 
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greater calcium sensitivity following muscle stimulation. To date, one study has attempted to 
measure the effects of a voluntary human muscle contraction in a context similar to actual 
resistance training (110). Smith and Fry (110) measured the power generated during a knee 
extension seven minutes following a 10-second maximum static knee extension in 11 
recreationally trained University aged students. Muscle biopsies were taken pre-and post-
conditioning action. It was reported that the seven participants who demonstrated an increase 
knee extension power following the conditioning action had an increase in the 
phosphorylation of the regulatory light chain, and the four participants who did not respond 
to the conditioning action had a decrease in the phosphorylation of the regulatory light chain, 
which the authors speculated was due to the lesser strength training background of the non-
responders. 
2.3.3.2. Greater Recruitment of higher order motor units 
Investigations using animal muscle fibres and involuntary muscle actions have shown 
that following an invoked isometric conditioning action there is an increase in the amount of 
potentials which cross the synaptic junction (114). Following a voluntary contraction in 
human muscle, Gullich and Schmidtbleicher (47) found that there was a correlation (r = .89) 
between the time of increased expression of H-reflex amplitude and the explosive force 
produced during voluntary plantar flexion following an electrical muscle stimulation.  This 
occurred because the H-reflex amplitude is reflective of the increased number of action 
potentials present at the motor end plate, which is the result of greater motor unit recruitment. 
2.3.3.3. Acute changes in muscle architecture 
The orientation of muscle fibres relative to connective tissue referred to as the 
pennation angle influences the transfer of force from the muscle through the tendon to the 
bone (79). Research by Mahlfeld, Franke and Awiszus (79) have demonstrated that three to 
six minutes following a three-second isometric muscle action there was significant 14⁰ 
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decrease in the angle of pennation of the vastus lateralis. Although the results of the 
investigation highlight acute changes in muscle architecture following a maximal muscle 
action that in turn may lead to enhanced force producing capabilities, actual knee extension 
force production was not measured (79). The findings from Mahfield, Franke and Awiszus 
highlight that the potential exists for conditioning actions in contrast and complex protocols 
to acutely alter the muscle architecture which may lead to a PAP response, however, there is 
currently a lack of evidence that quantifies the enhanced force production resulting from the 
changes in muscle architecture.  
2.3.4. PAP vs. Fatigue relationship 
Both fatigue and potentiation co-exist following a conditioning action, however, 
potentiation may be masked by fatigue (99, 104, 114). In order to exploit the potentiation 
response, fatigue must dissipate at a greater rate. Additionally the initial amount of 
potentiation must be great enough for its residual effects to still be present following the 
recovery period, culminating in a window of opportunity for an acute increase in force 
production capabilities (104). The ability to exploit the window of opportunity is the result of 
the optimal manipulation of session variables such as; load (intensity and volume), rest 
following the conditioning action, and type of muscle action used as a conditioning stimulus 
(114, 121). Each of these variables affects the interplay between fatigue and potentiation 
which ultimately dictates whether fatigue or potentiation will be the dominant physiological 
state during the execution of the lighter explosive sets. Figure 2.2 shows a proposed 
schematic representation of the various levels of interplay between fatigue and potentiation 
following the conditioning action.  
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Figure 2.2. Visual representation of the interplay between the different levels of potentiation 
and fatigue responses to conditioning activity. 
 
2.3.4.1. Rest period following conditioning action 
As the ability to capitalise on the PAP response is dependent upon fatigue subsiding at 
a faster rate than PAP, as well as the amount of residual potentiation being sufficient enough 
to have an effect once fatigue has subsided, the rest period following the conditioning action 
must be timed perfectly to capture the window of opportunity (114). Several investigations 
have aimed to determine the optimal rest period following a condition action (10, 15, 73, 77, 
12, 19, 66). Numerous investigations have reported significant improvements in jump or 
sprint performance with a rest period of four minutes (83, 85, 87, 90, 97, 124), whereas others 
have reported an optimal recovery time of between 10-12 minutes (10, 73). Recently, two 
meta-analyses have been published in an attempt to clarify the confusion regarding the 
optimal rest period following a condition action (44, 121), it should be noted that these 
investigations were published after the data for the studies within this thesis had been 
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collected. Gouvea et al. (44) concluded that when a jump is the performance outcome to be 
enhanced through the PAP response, then 8 to10 minutes of recovery is necessary for 
performance to be improved. However, the investigation by Gouvea (44) did not include the 
volume and intensity of the conditioning action as well as the training status of the 
participants into their calculations. A comprehensive meta-analysis of 32 studies was 
completed by Wilson et al. (121), and these authors aimed to determine the optimal recovery 
time for participants with a specific training status (untrained, trained and athletic). Results 
indicated that there are significant differences in the optimal rest period based upon training 
status with trained participants demonstrating improved power output with less than 2 
minutes of recovery, untrained participants with a longer recovery period between 7 and 10 
minutes and athlete populations with an intermediate recover between 3 and 7 minutes (121). 
These results by Wilson et al. support the notion of individualised responses to PAP-inducing 
protocols and that specific characteristics such as training status influence the effects these 
protocols have on subsequent performance, it could be possible that more highly trained 
individuals may dissipate fatigue more quickly do to better recovery capabilities. 
2.3.4.2. Volume and intensity during conditioning action 
The volume of conditioning action utilised to produce a PAP response has been shown 
to significantly influence the interaction between PAP and fatigue (77). A 1983 study 
conducted by Vander, Quinlan and McComas (117) demonstrated that following a one-
second maximum voluntary contraction (MVC) peak twitch tension of the dorsiflexors was 
increased 43% compared to pre MVC values and increased to 130% and 142% following 
contractions of 3 and 10 seconds respectively. However, as the duration of the MVC 
increased to 30 seconds the percent increase in twitch tension decreased to 65% and 14% 
following a 60 seconds MVC. Additionally, French, Kraemer and Cooke (43) observed a 
statistically significant (P < 0.05) 6.1% increase in knee extension velocity following a three-
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second MVC as well as significant 3.0% decrease in isokinetic knee extension following a 
five-second MVC. These two investigations demonstrate the influence that the volume of 
conditioning activity may have on a PAP response, however both utilised static conditioning 
actions followed by a non-sport based movement which may make its application to coaching 
practice limited (70). Judge and Craig (70) emphasise that for research to be applied into 
practice, coaches must be able to clearly see a direct application to training and ultimately 
performance. Because of this, investigations that implemented several sets of a conditioning 
action which is similar to how a training session may be structured with an outcome measure 
with direct application to sport are presented in tables 2.1-2.3 (pg. 30-32). 
 Additionally, the intensity of the conditioning action coupled with the volume can 
affect the PAP and fatigue responses. In a population of elite rugby players, Comyns et al. 
(20) reported that a single repetition of a back squat at 93% of 1RM resulted in a statistically  
significant (P < 0.05) 9.3% decrease in ground contact time in a drop jump whereas back 
squats performed at 65% and 80% did not elicit a change in drop jump performance. 
Similarly, Rahimi (97) demonstrated that two sets of four back squats at 85% of maximum 
significantly decreased sprint time by 2.98%, however when the same volume of squats were 
performed with 60% and 70% of maximum, there was no change in sprint performance. 
Smilios et al. (109) reported a significant 3.7% improvement in CMJ height in recreationally-
trained athletes following contrast sets of half squats at 60% of maximum effort, whereas half 
squats at 30% of maximum produced no change in CMJ height. The findings from these three 
investigations are supported by the meta-analysis conducted by Wilson et al. (121), who 
found that conditioning actions of moderate intensity between 60 to 84% were significantly 
greater (effect size = 1.06) than higher intensity conditioning actions of 85 to 100% when 
lower body power is the performance outcome being assessed. It is possible that a 
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conditioning activity of moderate intensity stimulates the optimal amount of PAP without 
excessive amounts of fatigue. 
2.3.4.3. Type of muscle action used as conditioning action 
There is evidence to suggest that a static muscle action can be used to elicit a PAP 
response and ultimately enhanced dynamic performance. For example, Gullich and 
Schmidtbleicher (47) reported a 3.3% improvement in CMJ height and a 13% improvement 
in drop jump height following three sets of five second MVC’s from a posture similar to a leg 
press in a group of elite track and field athletes. Similar improvements were found by French, 
Kraemer and Cooke (43), who reported a 5.0% improvement in drop jump performance 
following a five-second isometric knee extension. However, only one investigation has 
directly compared static and dynamic muscle actions as a conditioning action (100). Rixon et 
al. (100) reported a 2.9% improvement in CMJ height following three sets of a three second 
static back squat compared to a 1.7% improvement following three repetitions of a dynamic 
back squat at a load equal to the participants three repetition maximum (RM). Similar 
improvements of 8.7% and 8.0% in peak power were observed following static and dynamic 
contractions respectively. From the results presented by Rixon et al. it is difficult to conclude 
that static conditioning actions are more effective than dynamic because the volume of 
conditioning action was not controlled. A more appropriate conclusion to draw from the 
results presented by Rixon et al. would be that the specific static protocol utilised was 
moderately more effective than the dynamic protocol for recreationally trained participants. 
The number of studies that have utilised static conditioning actions is substantially less, and 
there is currently only one investigation (100) that has compared responses in lower-body 
explosive muscle function between static and dynamic protocols. From the limited research, 
static contractions do not appear to be inferior to dynamic contractions for enhancing 
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dynamic performance, despite the reduced specificity of the conditioning action. An 
overview of these studies is presented in Tables 2.1 to 2.4. (Pg. 30-32) 
2.3.4.4. Training status 
Evidence suggests that an individual’s training background can influence both their 
PAP and fatigue response (15, 50, 73, 34, 124). For example, It is believed that endurance-
trained individuals are better able to capitalise on PAP because they are more resistant to 
fatigue, rather than producing a large quantity of PAP (50). This claim is supported by results 
from Hamada, Sale and Macdougall (49) who found that endurance-trained runners with 
lower body training experience only demonstrated significant potentiation only in the lower 
body, whilst triathletes with both upper and lower body training experience expressed both 
lower and upper body potentiation. Additionally, active and sedentary controls were not able 
to significantly improve force production following a conditioning action. Furthermore, it is 
postulated that strength-trained individuals are able to capitalise on PAP through an enhanced 
potentiation response, and resistance to fatigue from heavy loads used as a conditioning 
action (15). In a group of strength-trained elite rugby union players, Kilduff et al. (79) 
reported a significant correlation (r = 0.631) between 3RM squat strength and a positive 
change in lower body peak power with 12 minutes rest following a conditioning action. 
Additionally, Young, Jenner and Griffiths (124) and Duthie, Young and Aitkin (35) reported 
that significant changes in power performance following the conditioning action, and lower-
body strength significantly correlated with each other (r = 0.73 and r = 0.66, respectively). 
More specifically, Duthie et al. (35) found that stronger participants were able to enhance 
peak power in the contrast methods compared to the complex. These findings in the literature 
indicate that training status influences the potentiation and fatigue responses, however it is 
currently unknown how a participants’ strength level influences these responses in various 
protocols.  
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Table 2.1. Investigations reporting significant increases in power output or jump performance following a dynamic lower-body conditioning 
action. Rec. = recreationally; VJ = vertical jump; JS = Jump Squat; BW = Body weight; RM = repetition maximum. 
Author Participants Conditioning 
Action 
Conditioning 
Action Volume 
Conditioning 
Action Intensity 
Rest Performance 
Measure 
Result 
Boullosa et al. (10) 12 rec. trained ½ squat 1 x 5 “traditional” 
or “Cluster” with 
30 sec. rest btw 
reps 
5 RM 1, 3, 6, 9, 12 
min. 
CMJ Traditional: increase 
in PP and JH at 9 
min. 
Cluster: increase in 
PP and JH at 1 min. 
Burket et al. (11) 29 strength trained Weighted VJ 1 x 5 10% of BW 2 min. VJ 3.27% increase in VJ 
following weighted 
jumps 
Chattong et al. (13) 20 strength trained Weighted VJ 1 x 5 5%, 10%, 15%, 
20% BW 
2 min. VJ 1.3% increase in VJ 
height following 
weighted jumps 
Chiu et al. (15) 24 strength trained Back squat 5 x 1  90% 1RM 5 and 18.5min CMJ Stronger participants 
significant increase 
in PP 
Clark et al. (18) 9 strength trained Weighted JS 1 x 6 20 or 40kg 3 min. Jump height 
4 x 6 20kg 
CMJ’s 
40kg significantly 
increased jump 
height in power sets 
compared to 20kg 
Comyns et al. (20) 12 elite trained Back Squat 1 x 3 65%, 80%, 
93% 1RM 
4 min. Drop jump 93% of 1RM = 7.8% 
decrease in ground 
contact time 
Duthie et al. (35) 11 strength trained ½ squat 3 x 3 
Contrast, 
Complex & 
Conventional 
3RM 4 min. CMJ Stronger participants, 
2% increase over 
conventional in PF 
with contrast method 
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Esoformes et al. (39) 13 strength trained ½  Squat 1 x 3 3RM 5 min. between 
CA to CMJs 
then 10 min 
from CMJs to 
next CA 
3 x 3 CMJs Set 1: No 
improvement in PP 
Set 2: 9.0% 
improvement in PP 
Set 3: 9.5% 
improvement in PP 
 
 
Kilduff et al. (73) 23 elite trained Back squat 1 x 3 3RM 15s, 
4,8,12,16,20 
min. 
CMJ 7.5% increase in PP 
at 12 min 
Lowery et al. (77) 13 strength trained Back Squat 1 x 5 (56% 1RM) 
1 x 4 (70% 1RM) 
1 x 3 (93% 1 RM) 
56%, 70%, 
93% 1RM 
0,2,4,8,12 min VJ on force 
plate 
Large to moderate 
improvements in JH 
and PP at 4 min. of 
recovery with 70% 
and 93% loading. 
McCann & Flannagan, 
(87) 
16 strength trained Back Squat 1 x 5 5RM 4 min VJ 5.7% increase in VJ 
height 
Mitchell & Sale (90) 11 strength trained Back Squat 1 x 5 5RM 4 min CMJ 2.9% increase in 
CMJ height 
Rixon et al. (100) 30 rec. trained Back Squat 1 x 3 3RM 3 min CMJ 8.0% improvement in 
PP, 1.7% 
improvement in JH 
Smilos et al. (109) 10 rec. trained ½ Squat & 
Weighted JS 
3 x 5 BS = 30-60% 
1RM 
JS = 30-60% 
1RM 
4 min CMJ 2.8% - 3.9% 
improvements for all 
loads except BS with 
30%1RM 
Young et al. (124) 10 rec. Trained ½ Squats 1 x 5 5RM 4 min Loaded CMJ 2.8% increase in JH 
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Table 2.3. Investigations reporting no change or significant decreases in power output and jump performance following a dynamic lower body 
conditioning action. 
 
 
Author Participants Conditioning 
Action 
Conditioning 
Action Volume 
Conditioning 
Action 
Intensity 
Rest Performance 
Measure 
Result 
Chaouachi et al. (12) 12 strength trained ½ squats 1 x 1-10 70-90% 1,3,5,10 & 15 
min.  
CMJ 2.6% - 4.5% decrease 
in JH at 10 and 15min 
respectively; 2.2%, 
3.9%. 5.5% decrease 
in PP at 5, 10, 15 min. 
respectively, 
Comyns et al. (19) 18 strength trained Back squat 1 x 5 5RM 30s, 2,4 & 6 
min. 
CMJ No improvements 
within entire group, 
but individual 
increases observed 
Hanson et al. (51) 30 rec. trained  Back sqaut 1 x 8 (40% 1RM) 
1 x 4 (80% 1RM) 
40% 1RM 
80% 1RM 
5 min CMJ No improvements in 
CMJ variables 
Jensen & Ebben (66) 21 strength trained Back squat 1 x 5 5RM 10s, 1,2,3,4min CMJ Sig. 5.5 % decrease in 
PF at 10s, no 
improvement at other 
rest intervals 
Khamoui et al. (71) 16 rec. trained Back squat 1 x 2 - 5 85% 1RM 5 min VJ on FP No changes in any 
jump variables 
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Table 2.4. Investigations utilising static lower-body conditioning actions to elicit improvements in jump performance or power output 
 
 
Author Participants Conditioning 
Action 
Conditioning 
Action Volume 
Rest Performance 
Measure 
Result 
French et al. (43) 14 rec. trained Knee extension 3sec x 3 
5sec x 3 
3 min. between sets. 
5 sec. following final 
set 
Drop jump Sig. 5% increase in JH following 
3sec condition. 
Gullich & 
Schmidtbleicher, (47) 
36 strength 
trained 
Leg press 5sec x 3 
5sec x 5 
Every minute post Drop jump & 
CMJ 
Sig. 3.3% increase in CMJ height and 
19% increase in RFD 
Rixon et al. (100) 30 rec. trained Back Squat 3sec x 3 2 min. between sets 
and 3 min following 
final set 
CMJ Sig. 8.7% increase in PP, 2.9% 
increase in CMJ height 
Robbins & Docherty 
(101) 
16 rec. trained Back squat 7sec. x 1 x 4 
contrast sets 
4 minutes between 
contrasting load. 
CMJ No change in JH, PF, PV & PP from 
control session without conditioning 
action 
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2.4. Chronic adaptations following complex and contrast training 
Although there is an abundance of investigations that have focused on the acute 
responses of training methods underpinned by PAP (see tables 2.1 through 2.4, Pg’s. 29-32), 
there are a lack of investigations that document the chronic adaptations from these training 
methods. Furthermore, those investigations that have attempted to determine chronic 
adaptation have focused solely on the contrast method with no consideration for the complex 
method.   Even though there are few training studies that have focused on either the complex 
or contrast method, coaches are currently promoting the use of contrasting loads for the 
chronic optimisation of power development and citing acute studies as evidence (84). The 
few investigations that have attempted to compare the complex of contrast methods to other 
methods have been plagued by relatively short training durations (33, 89, 3, 78). Large 
improvements in force production following a short resistance training duration are indicative 
of acute neural responses (26, 103) and not a neuromuscular adaptation, therefore a training 
study over a longer period of time may provide superior evidence for the use of the complex 
or contrast methods. For example, a study published by Dodd and Alavar (33) compared four 
weeks of contrast training, plyometric and heavy resistance training within competitive 
college-aged baseball players. Four weeks of training utilising contrast sets resulted in 
significantly (P < 0.05) greater improvements in 20, 40 and 60 metre sprint times, vertical 
jump height, standing broad jump and t-agility tests when compared to the other methods of 
training. The relatively short duration of training and the short one-week unloading period 
between training methods, which may not have allowed for the adaptation of the previous 
training method to occur (103) makes the ability to directly compare the three training 
modalities difficult. Similarly, Mihalik, Libby, Battaglini and McMurray (89) reported a 
significant 4.8% increase in peak power following four weeks of contrast training, however 
this within group improvement was not significantly different from the group which 
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performed sets of strength and power exercises on separate days, therefore there was no 
evidence for the superiority of contrast training. MacDonald, Lamont and Gardner (78), 
reported that changes in strength following six weeks of contrast training were similar to but 
not significantly greater those observed in a group that performed the strength training 
exercises only and a group that performed the plyometric training only. The changes in 
strength were the only outcome measures used in the investigation so it is unclear which 
method is optimal if attempting to optimise improvements in power output, sprint and jump 
performance.   
Alves et al. (3) reported that elite junior soccer players who utilised one or two sessions 
of what the author referred to as “complex and contrast training” per week over a six week 
period observed significant (P < 0.05) improvements in squat jump height and 15 metre 
sprint time. Training consisted of normal soccer training in conjunction with contrasting sets 
organised into three stations. Each station incorporated a high force lower body exercise with  
two high velocity movements, one of which was soccer-specific (example, station 1: 6 x 85% 
back squats followed by high knee skips for five metres and a five metre sprint). However, 
inter-station and intra-station rest intervals were not reported by the authors, making it 
difficult to draw any conclusions relating to PAP or the effectiveness of contrast loading for 
enhanced power development. Additionally, there was no training group that performed 
resistance training or soccer specific training only to demonstrate the superiority of the 
complex or contrast methods over conventional training practices.  Table 2.5 provides an 
overview of all published training studies that have attempted to demonstrate the efficacy of 
complex or contrast training over a period of time.  
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Table 2.5. Overview of published complex or contrast training studies. 
Authors Participants Duration Method Outcome 
Alves et al. (3) 23 rec. trained 1 or 2 sessions x 6 weeks Contrast Training Training with 1 or 2 
Contrast Training sessions 
per week significantly     
(P < 0.05) improved sprint 
and jump performance. 
Dodd & Alavar, (33) 45 strength trained 3 separate 4 week 
interventions 
Contrast Training 
Plyometric Training 
Heavy Resistance Training 
Complex improved sprint, 
broad jump and change of 
direction performance 
greater than other methods. 
MacDonald, Lamont & 
Gardner, (78) 
30 rec. trained  2 sessions x 6 weeks Contrast Training 
Plyometric Training 
Heavy Resistance Training 
No significant (P < 0.05)   
difference in between 
training groups in various 
measures of dynamic 
strength. 
Mihalik et al. (89) 30 rec. trained 2 sessions x 4 weeks Contrast Training 
Compound Training  
Both groups significantly 
(P < 0.05)   improved jump 
performance, but no 
difference between groups. 
Tsimachidis et al. (116) 26 rec. trained 2 sessions x 10 weeks Group 1: Basketball 
training + Contrasting 
training (squat & sprint) 
Group 2: Basketball 
training only 
Contrast training improved 
strength and sprint 
performance greater than 
basketball training only. 
Walker, Ahtianen & 
Hakkinen (119) 
10 rec. trained 2 sessions x 11 weeks Contrast Training  Contrast training 
significantly (P < 0.05)  
improved CMJ height and 
peak isometric force 
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2.5. Methodological issues in assessing leg power 
The CMJ is has been shown to be a valid test to assess several variables associated with 
an athlete’s lower body explosive muscle function including mechanical power, when both a 
force plate and linear position transducer are used in conjunction to capture both the force 
and velocity of the movement (22). Several variables can be analysed to assess explosive 
lower body muscle function from the execution of a single, or set of CMJ’s (123, 21). 
Cormack et al. (21) reported that the variable of jump height has been shown to be reliable 
when obtained from a single CMJ, however during a single set of five jumps the 
measurement of height became less reliable when one set of five CMJ’s was performed. 
Cormack et al. (21) reported peak force, relative peak force, mean force, relative mean force, 
peak power, and relative peak power to be reliable. However, only one set of CMJs were 
performed leaving to question the reliability of variables obtained from a CMJ when several 
sets of jumps are performed which is what needs to occur to determine the acute effects of 
resistance training method. Additionally, there have been inconsistencies in the literature 
regarding the standardised instructions provided to participants prior to the execution of a 
CMJ. For example, Cormie, McBride and McCaulley (23) reported their instructions prior to 
the execution of a CMJ to “reach a maximum jump height with every trial in an attempt to 
maximize power output” (pg. 176). In another study, Cormie, McGuigan and Newton (25) 
instructed participants to “move the resistance fast as possible to achieve maximal power 
output” (p.1585). Variations of instructions provided during a jumping task has been 
previously shown to have a marked effect on the outcome of the movement (127, 95), 
therefore it is possible that the instructions provided to participants prior to the CMJ could 
have profound impact on the variables obtained from the test. 
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2.6. Summary 
A variety of different training methods can be used to develop the explosive force 
producing capabilities of muscle. The complex and contrast methods present intriguing 
options for coaches when attempting to enhance strength/power qualities in athletes, because 
gains from methods underpinned by PAP are expected to be greater than those achieved 
through other methods. However, even though acute improvements in lower body explosive 
muscle function have been reported in the literature, there is a dearth of evidence that 
supports the use of these methods over a period of time. Furthermore, all published training 
studies in this area have taken place over a relatively short four-to six-week period and by the 
definitions used in this thesis, none have investigated the complex method of training. This 
thesis represents a series of studies designed to overcome some of the limitations of previous 
research. 
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Chapter 3 
Study 1: The intra- and inter-session reliability of 
variables associated with lower-body explosive 
muscle function obtained through a CMJ 
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3.1. Introduction 
Coaches and sport scientists experiment with various resistance training protocols to 
determine if manipulating program variables influences explosive muscle function (5, 35, 49, 
65, 108). To date, however, the efficacy of these manipulations is often judged on a single set 
or a few trials of a countermovement jump (CMJ). These testing protocols do not mimic the 
loading replicated in a training session (for example three sets of five repetitions), therefore 
may not be providing an accurate representation of the force production. 
A CMJ has been previously described as a variation of the vertical jump without an 
arm swing, with the intention to isolate the musculature of the legs for force production 
(123). When using a CMJ to assess qualities of force production, a force plate and linear 
position transducer (LPT) are commonly used, either individually or in combination. Since 
the recent development of portable and relatively easy-to-use technology designed to measure 
kinetic and kinematic variables from a CMJ, sport scientists and strength and conditioning 
coaches are now able to regularly measure variables such as jump height (JH), peak bar 
velocity (BV), peak force (PF), and peak power (PP) (22, 54, 59). Several published 
investigations have focused on the validity of methods of determining these variables (16, 22, 
56, 72), and the reliability of the various kinetic and kinematic variables obtained from a 
CMJ (52, 59, 58, 61, 67, 98, 105, 113). 
Currently, there is limited published information on the reliability of CMJ variables 
between sessions comprised of several sets of jumps, when both a force plate and an LPT are 
used to directly measure kinetic and kinematic variables. Research indicates that a combined 
approach using both a force plate and a LPT provide greater validity and reliability of CMJ 
variables, than when a force plate or an LPT are used individually (22). When kinematic 
variables such as bar velocity and jump height are the sole variables of interest then an LPT is 
an acceptable tool to utilise for assessment (52, 54, 59, 61, 98, 113). The problem occurs 
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when using the LPT to measure force from acceleration (F = ma), then using force to 
calculate power (force x velocity), as this has been shown to produce less valid results        
(22, 54, 59, 61). 
Previous investigations have utilised the technology to obtain the most valid and 
reliable data from a CMJ. Sheppard et al. (106) used the combined approach (force plate + 
LPT) to investigate the test-retest reliability of a single CMJ and reported that all kinetic and 
kinematic variables, with the exception of maximal rate of force development (MRFD), had 
acceptable reliability (Interclass Correlation Coefficient (ICC): 0.77-0.96). Similarly, Hansen 
et al. (52) measured test-retest reliability of CMJ variables from a single set of three CMJ’s 
separated by a week, and reported high reliability (ICC = 0.95) for peak power output. 
Generally, when prescribing CMJs in a training session for power development, multiple sets 
of several repetitions are performed with maximal effort and full recovery. Hori and Andrews 
(58) reported the between session reliability of variables obtained from two sets of CMJs 
were most reliable when the best value of the three repetitions from each set was used for 
statistical analysis. The findings from Hori and Andrews indicate that several sets of jumps 
may need to be performed for a sport scientist or strength and conditioning coach to obtain a 
better representation of the reliability of CMJ variables throughout a training session. Also 
reported was that peak bar velocity was found to be the most reliable CMJ variable 
(Coefficient of Variation (CV): 1.1-4.6%), with peak force and power having greater 
variability with CVs ranging from 4.1-7.9% and 3.9-13.3% respectively. However, only a 
LPT was utilised for data collection, and therefore bar velocity was the only variable 
measured directly. Similar results have also been reported when the same equipment (LPT 
only) was used to measure the reliability of CMJ variables from two sets of CMJs (113). 
Cormack et al. (21) measured the test-retest reliability of CMJ variables obtained from a 
single set of five jumps and reported acceptable CVs for peak force and peak power as 4.2% 
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and 6.1% respectively. However, the only equipment utilised for testing was a force plate for 
direct measurement of kinetic variables, therefore the reliability of jump height and bar 
velocity were not reported. 
The purpose of this investigation was to ascertain if CMJ variables were reliable 
throughout a testing session which better represented protocols similar to a normal training 
session. The novelty of this investigation is that kinetic and kinematic variables were 
obtained through the use of both a force platform and LPT, and the number of sets and reps 
of CMJs performed (three sets of four repetitions) and rest periods between sets (two 
minutes) are a more accurate representation of a typical training session designed to enhance 
explosive leg muscle function. Findings from this investigation will aid sports scientists and 
strength and conditioning coaches in determining if training protocols to enhance the strength 
qualities of the lower body are the result of the changes in programming or the variability of 
the CMJ test. Additionally, findings will also allow for the most reliable variables to be used 
for subsequent studies. 
3.2. Methods 
3.2.1 Experimental Approach to the Problem 
Twenty-two participants attended two CMJ testing sessions. Testing sessions 
consisted of three sets of four CMJs, with two minutes of rest between each set, and the 
sessions were separated by 48-72 hours.  Mean, standard deviation (SD), CV, typical error 
(TE) and the ICC were calculated for the variables of jump height (JH), peak bar velocity 
(BV), peak force (PF) and peak power (PP) for each set and the total session, which was 
calculated from the mean of 12 jumps performed during the testing session. 
3.2.2. Subjects 
Twenty-two recreationally trained males with a minimum resistance training 
experience of one year, all were familiar with the CMJ test, participated in the investigation 
Page | 42 
 
(Mean ± SD age = 21.7 ± 3.6 years, weight = 86.9 ± 18.0 kg, 5 RM half-squat = 124.1 ± 23.6 
kg). All participants were players in a range of team sports (Australian Rules football, 
basketball, soccer), and were in the off-season phase of training. All participation risks were 
explained to participants, and a written consent was obtained prior to data collection. The 
study was approved by the Human Ethics Research Committee of the University (appendices 
1-3) 
3.3 Procedures 
Testing sessions were conducted at the same time of day to account for diurnal 
fluctuations in power output (113). Participants were instructed to cease all lower body 
resistance training starting 24 hours before the first test until the completion of the second, in 
an attempt to reduce any effects of muscular fatigue.  Although all the participants had some 
prior experience with the CMJ, they were given two practice trials to reinforce the correct 
jumping technique and test procedure.  
3.3.1. Testing Sessions 
Participants cycled for 5 minutes at a self-selected intensity, participants were 
instructed to induce a light sweat, and were required to repeat this intensity for the second 
session. Participants then executed two sets of four submaximal CMJs, with the instructions 
for the first set to be at approximately 50-60% of maximal effort and the second set at “near 
maximal”. Participants then performed three sets of four test CMJs. When jumping, 
participants performed a counter movement to a self-selected depth, and were instructed to 
execute each jump for maximal height. Following each jump, participants were instructed to 
quickly reset their body position prior to their next attempt. 
3.3.2. Data Collection 
All CMJs were performed on a commercially available force plate (400 Series Force 
Plate-Fitness Technology, Adelaide, Australia) with a linear position transducer (LPT) 
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(PT5A-Fitness Technology, Adelaide, Australia) tethered to the right side of an aluminium 
bar of with a weight of 0.4kgs placed across the participant’s shoulders. Both force plate and 
LPT were sampled at 500Hz, which has been shown to be an acceptable sampling frequency 
for use of the force plate and LPT (54, 61). Figure 3.1 shows the set-up of the participant and 
equipment prior to the commencement of the CMJs. Force plate and LPT were interfaced 
with computer software (Ballistic Measurement System, Fitness Technology, Adelaide, 
Australia). From each CMJ, direct measures of force, displacement and bar velocity were 
obtained from the force plate and the LPT. Power output was calculated by the software as 
the instantaneous product of the vertical ground reaction force and bar velocity. Calibration 
of the force plate and LPT was to a known mass of 80kg and a distance of 1m, and occurred 
prior to the start of each data collection session. Prior to the commencement of CMJs the 
force was zeroed without the participant standing on the force plate, then with the participant 
standing in a ready to jump stance (with heels flat on the force plate and bar across their 
shoulders) the displacement was zeroed. CMJ variables were calculated during the concentric 
phase of the jump, which was determined from the lowest point on the displacement-time 
curve and concluded after peak displacement was achieved (52). These variables were then 
directly exported from the Ballistic Measurement system into Microsoft excel prior to 
statistical analysis. The concentric variables only were assessed because they reflect the leg 
extension phase of the jump, additionally these variables have been used extensively in 
research (21-25, 51, 52, 58, 61, 82, 86, 98, 105, 106, 123) 
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Figure 3.1. Set up of equipment and participant prior to start of the CMJ 
 
3.3.2. Statistical Analysis 
The mean JH (cm), peak BV (mˑs-1), PF (N) and PP (W) was calculated from the four 
jumps in each set, as well as for each jump executed during the session to obtain individual 
set and session means. CV, TE and ICC were calculated using a publicly available 
spreadsheet to assess test-retest reliability from consecutive pairs of trials (63). Based upon 
previous literature assessing the reliability of CMJ variables, a CV ≤ 10% and an ICC > 0.8 
was used as the minimum cut-off  for acceptable reliability, and CV ≤ 5%, and an ICC > 0.9 
as excellent reliability (105). In addition, differences between testing sessions were assessed 
using paired t-test with an α level of significance of P < 0.05 to determine if there was any 
Linear 
position transducer 
Force plate 
0.4 kg 
aluminium bar 
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bias, all analysis were conducted using the Statistical Package for the Social Sciences (SPSS 
for Windows, version 18.0; SPSS. Inc., Chicago, IL, USA) 
3.4. Results 
Results of intersession set-to-set reliability (e.g. session 1 set 1 to session 2 set 1) and 
total session reliability (e.g. session 1 to session 2) for all CMJ variables are presented in 
Table 3.1. Overall, there was high consistency (CV: 2.8-6.8; ICC = 0.898-0.970) for 
intersession set-to-set means, and total session means (CV: 2.7-5.2%; ICC = 0.946-0.973).  
Significant differences (P < 0.05) occurred between sessions for JH in set 1                
(P = 0.013) and set 2 (P = 0.031). Similarly, significant differences occurred between 
sessions for BV in set 1 (P = 0.000), set 2 (P = 0.021) and set 3 (P = 0.043). Significant 
difference (P = 0.013) in PP occurred in the set 1 between sessions. For the total session 
mean, significant differences occurred in JH (P = 0.006) and BV (P = 0.001). Table 3.1. 
provides descriptive and reliability data obtained from the two testing sessions. 
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Table 3.1. Descriptive data, reliability data and % Change for individual sets and total session.  
 
CV% = Coefficient of variation, TE = Typical Error, ICC = Intraclass correlation coefficient. * = Significant difference (P < 0.05) between 
session 1 and session 2.
         Jump Height            Peak Bar Velocity              Peak Force              Peak Power 
 Session1  Session 2   Session 1 Session 2   Session 1 Session 2   Session 1 Session 2  
 Mean 
(±SD) 
Mean 
(±SD) 
%  
Change 
 Mean 
(±SD) 
Mean 
(±SD) 
%  
Change 
 Mean 
 (±SD) 
Mean  
(±SD) 
%  
Change 
 Mean  
(±SD) 
Mean 
 (±SD) 
%  
Change 
Set 1 43.1  
(8.7) 
45.3* 
(9.4) 
5.1  2.41 
(0.30) 
2.52* 
(0.32) 
4.6  1981.5 
(428.7) 
1983.2 
(434.0) 
0.1  4425.2 
(951.3) 
4592.5 
(1029.8) 
3.8 
Set 2 44.3  
(8.3) 
45.6* 
(8.7) 
2.9  2.46 
(0.30) 
2.52* 
(0.31) 
2.4  2002.4 
(429.8) 
2002.6 
(434.0) 
0.0  4529.0 
(950.6) 
4588.3 
(976.6) 
1.3 
Set 3 44.4  
(8.8) 
45.4  
(8.7) 
2.3  2.48 
(0.29) 
2.55* 
(0.33) 
2.8  2014.2 
(430.5) 
2004.6 
(429.9) 
-0.5  4519.7 
(981.9) 
4577.3 
(997.3) 
1.2 
Session 43.9  
(1.8) 
45.4* 
(1.9) 
3.4  2.46 
(0.27) 
2.52* 
(0.30) 
2.4  1994.4 
(427.9) 
1996.8 
(425.0) 
0.1  4491.3 
(955.6) 
4586.0 
(997.2) 
2.1 
                                                                                                                                        Session 1 – 2 
 CV% TE 
(cm) 
ICC  CV% TE 
(m/s) 
ICC  CV% TE 
(N) 
ICC  CV% TE 
(W) 
ICC 
Set 1 6.1 0.02 0.908  3.3 0.08 0.914  4.0 76.6 0.973  4.6 180.6 0.971 
Set 2 4.4 0.02 0.947  2.8 0.07 0.942  3.0 57.2 0.984  3.7 163.1 0.980 
Set 3 5.0 0.02 0.932  3.7 0.09 0.898  3.1 58.5 0.983  3.7 177.8 0.981 
Session 4.3 0.02 0.950  2.7 0.06 0.946  2.6 54.6 0.988  3.3 145.2 0.985 
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3.5. Discussion 
The purpose of the present investigation was to determine if the CMJ variables used 
to measure lower body force production were reliable over the course of several sets. With 
the increasing development of new technologies to objectively measure specific explosive 
force variables such as JH, BV, PF and PP, investigations into the reliability of these 
variables throughout a training session is of great interest to strength and conditioning 
coaches as well as sport scientists. Previous investigations have reported the reliability of 
CMJ variables when assessed at different times of the day (21, 113), using different 
technologies (52) and under different feedback conditions (98). The novel aspect of the 
current study was the use of multiple sets comprised of four CMJ’s to obtain a total session 
mean, for a more accurate representation of what would typically occur in a training session. 
3.5.1. Jump Height 
CMJ height is the variable that has the strongest correlation with vertical jumping 
(with an arm swing) (123), which is a common movement in many sports, and therefore 
coaches often look to its improvement as an indicator of effective programming. Results from 
the current investigation indicate that jump height demonstrated high set-to-set reliability 
between sessions (CV= 4.4-6.1; ICC= 0.908-0.932). These results are similar to those 
reported in the literature by Sheppard et al. (105) and Taylor et al. (113), who showed the CV 
for CMJ height to be 6.2 and 7.2% respectively. The reliability determined from the total 
session mean was found to have excellent reliability (CV= 4.3%; ICC= 0.950). 
The typical error observed for CMJ height between sessions was 0.02m which is 
similar to the 0.024m reported in the literature (21). Results from the current investigation 
demonstrate that the total session mean for JH was more reliable than individual sets, 
possibly due to the greater number of trials averaged. However, the statistically significant 
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differences (P < 0.05) in JH between sessions for individual sets and the total session mean 
indicate that a learning effect may have occurred between session 1 and session 2. 
3.5.2. Peak Bar Velocity 
Manipulation of training variables to obtain maximal BV is often an emphasis of 
training (98). The current software program used for this investigation as well as other 
commercial products (Gymaware, Kinetic Performance Technology, ACT Australia; Tendo 
Power and Speed Analyser, Tendo Sports Machines, Trencin, Slovak Republic) are designed 
to provide visual or auditory feedback based upon BV that can then be used by athletes to 
ensure adequate training stimulus is being provided, which makes an understanding of its 
reliability through a simulated training session vital. BV demonstrated high set-to-set 
reliability (CV= 2.8-3.7%; ICC= 0.898-0.942) which is similar to previous research (98). 
Results from the current investigation indicated that BV is slightly more reliable when 
calculated from the total session mean (CV= 2.7%; ICC= 0.937), when compared to a single 
set. The results from the paired t-test did show that there may have been a learning effect 
from each session. These results indicate that more familiarisation may be necessary when 
conducting the CMJ with recreationally trained participants to enhance the reliability of this 
measurement. 
3.5.3. Peak Force 
PF is the greatest instantaneous value of the force produced during the concentric 
phase of the CMJ (52). In the current investigation, peak force was found to have acceptable 
set-to-set reliability (CV= 3.0 – 4.0%; ICC= 0.973 - 0.983). Reliability measured from the 
total session mean, was also found to be excellent (CV= 2.6 %; ICC= 0.988), which is similar 
to other published results directly measuring force (21). Demonstrating that PF is a reliable 
measurement obtained from the CMJ, coaches and practitioners can confidently use PF to 
measure the effects of different training protocols. With regards to PF, consistent reliability 
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was demonstrated for both individual sets as well as the total session mean. Similarly, the 
paired t-tests for individual sets and the total session mean indicated no significant difference 
between testing session.   
3.5.4. Peak Power 
Peak power is a strength quality often measured to determine the efficacy of training 
programs, because an athlete’s capacity to express high levels of power is often considered a 
predictor of sports performance (5, 25). Thorough understanding of its reliability will assist 
sport scientists and strength and conditioning coaches with assessment and development of 
programming. Each individual set was found to be highly reliable (CV= 3.7- 4.6%; ICC= 
0.973-0.981). However, there was a significant difference (P = 0.013) between set 1 in the 
first session and set 1 in the second session. This indicates there may have been a learning 
effect from one session to the next, and that if using only a single set of CMJs to assess leg 
power greater familiarization may be necessary. 
Findings from the present investigation are similar to those reported in the literature 
(52) when both the force plate and LPT were used for calculations. However, present findings 
do conflict with another investigation (58) which reported peak power to be the least reliable 
variable from set to set. As mentioned previously, the method used to calculate peak power 
can influence the consistency of results. Hori & Andrews (58) calculated peak power through 
double differentiation, using a LPT only. Cormack et al. (21) only measured force and 
reported the CV for peak power from a set of five CMJ’s to be 6.1% which was acceptable, 
however, was still the highest value for the variables reported. 
The typical error for peak power from the entire session was 145.2W which is 
important for sport scientists and strength and conditioning coaches to note, as research often 
focuses on acute responses of PP to various training protocols.  It is believed that that the 
cumulative load over several sets is more indicative of the training stimulus achieved during a 
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single session (130). If sport scientists want to determine the efficacy of various training 
protocols they must account for the “noise” of the measurement prior to evaluating the 
protocol effectiveness. If attempting to determine how resistance training protocols such as 
complex or contrast sets or cluster loading affected power output, the acute fluctuations in 
peak power would have to be greater than the noise of the test to speculate that the change in 
power output was the result of the training protocol. No previous investigation has reported 
the typical error of peak power for an entire simulated training session. However, Cormack et 
al. (21) reported the typical error of peak power from single set of five CMJs in elite 
Australian Rules football players to be 278W, which is greater than 112.8W reported for the 
first set of CMJ’s from the current investigation. Overall, there was consistent reliability from 
individual sets and the total session mean with regards to PP.   
 Much research has been dedicated to enhancing the body of knowledge regarding the 
CMJ test (21-23, 59, 62, 83, 104, 114, 124). However, further research is still warranted in 
the area. For example, the instructions provided to participants regarding the intention of the 
movement could potentially influence the reliability of the different variables, this may be 
useful area for future research 
3.6. Conclusions 
Coaches and sport scientists often experiment with various resistance training 
protocols in an attempt to determine if acute manipulations in programming variables can 
influence explosive muscle function. Before a protocol can be considered effective, the 
measures being used to determine its efficacy must be reliable from session to session. 
Results from this investigation indicate that measures of JH, BV, PF and PP are all reliable 
between simulated training sessions. However, participants in the investigation appeared to 
have learned how to enhance their JH and BV between testing sessions. It could be 
speculated that the learning effect occurred in these two variables may be because JH and BV 
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represent a more technical aspect of the CMJ, and if these are variables of interest for sport 
scientists and coaches, then more familiarisation prior to testing is needed.  From these 
findings, coaches and researchers have further justification for the use of JH, BV, PF, and PP 
to measure acute changes in the force generating capacity of the lower body during various 
resistance training protocols, however scientists and coaches should ensure all participants 
are thoroughly familiar with the CMJ. Based upon the results of this investigation, the 
variables of PF and PP demonstrated high reliability and a lack of bias, therefore these 
variables will be considered when determining which acute protocol (from study 2) will be 
used in the training study. However, for data collection during the training study (Chapter 5) 
single CMJs rather than several sets of CMJs will be used to determine the efficacy of 
training.  Sheppard et al. (106) and Hansen et al. (52), have previously demonstrated 
acceptable reliability of all variables from the concentric phase of jump when individual 
jumps rather than several of jumps were, therefore, all variables (JH, BV, PF, PP) will be 
used during the training study. 
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Chapter 4 
Study 2: The Acute Effects of Conventional, 
Contrast and Complex Protocols on Lower Body 
Power 
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4.1. Introduction 
Due to the importance of lower-body power production on performance in sport, its 
development is a primary emphasis in many training programs (5, 7, 27). Therefore, strength 
and conditioning coaches constantly search for ways to elicit gains in the power generating 
capacity of their athletes.  Achieving this goal can be accomplished through both 
conventional and unconventional training practices (27). Conventional practice typically 
involves lighter explosive exercises such as a jump squat, prescribed prior to heavier 
strength-based exercises such a back squat, because exercises emphasising an explosive 
muscle contraction would be negatively impacted by the fatigue generated during the heavy 
resistance exercise, in turn leading to reduced force production and ultimately a sub-optimum 
training effect (8, 38, 103). Conversely, the contrast and complex training methods are 
examples of unconventional training practices used by strength and conditioning coaches 
with the intention of enhancing power output beyond typical gains expected from the 
conventional method (5, 14, 39, 73, 87, 100, 103). There has been contention in the literature 
regarding the definitions of these terms, and for the purpose of clarity, the definitions put 
forth by Duthie et al. (35) will be used to describe the two methods, Table 1.1 (Pg. 4) 
provides an example of these methods.  
Both the complex and contrast methods are underpinned by the theory of                
post-activation potentiation (PAP). PAP is described as an acute enhancement in the force 
generating capacity of skeletal muscle, as the result of a biomechanically similar 
“conditioning activity” (114). It is believed that following the conditioning activity both 
fatigue and potentiation exist simultaneously, and during the recovery period fatigue 
dissipates at a faster rate than the potentiation response. Following the recovery period, it is 
postulated that a brief window of opportunity exists to capitalise on the potentiation effect 
(104, 114). Investigating the possible physiological mechanisms of the PAP response is not 
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the purpose of the present investigation, and readers are directed back to the review of 
literature (section #: 2.3.3. Pg. 40) for a more detailed description.  
 Numerous investigations have aimed to discover the optimal rest period (9, 66, 68, 77, 
121) and intensity of conditioning activities (68, 71, 85, 97, 121) to best exploit skeletal 
muscles PAP response in contrast protocols. However, the investigation by Duthie et al. (35) 
is the only published research that has directly examined the acute influence of both complex 
and contrast protocols on explosive muscle function compared to a conventional protocol. It 
should be noted that only dynamic conditioning actions were used by Duthie et al. (35) 
leaving to question whether the responses would be different if static conditioning actions 
were used. 
 Another modifying variable in unconventional training protocols that needs further 
investigation is the type of contraction used as a conditioning activity. Currently, the 
investigation by Robbins and Docherty (101) is the only study to have examined the effects 
of isometric contractions in an unconventional protocol over the course of several sets to 
better represent a training session. Robbins and Docherty examined the efficacy of a        
seven-second back squat with four minutes of rest on explosive muscle function over the 
course of three contrasting sets. The authors concluded that explosive muscle function was 
not acutely enhanced over the sets, and that there was a moderate correlation (r = 0.69) 
between the strength level of the subjects and their ability to enhance mean peak acceleration 
in a contrasting protocol. The seven-second static conditioning action used by Robbins and 
Docherty is slightly longer than any other investigation using a static lower body 
conditioning action (Table 2.4. Pg. 32).  Furthermore, only one investigation has attempted to 
compare static and dynamic back squats as a conditioning action (100). Rixon, Lamont and 
Bemben concluded that the static back squat conditioning action evoked a greater PAP 
response than the dynamic, however, both conditions were performed on the same day with 
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the static conditioning action always being performed first. This methodological flaw could 
have caused an order-effect, therefore, this question needs to be re-examined with static and 
dynamic conditions executed on separate days in a randomised order. 
 By the original definition of complex training by Ebben and Watts (37), the similarity 
between the body position in the conditioning action and the measure of performance is 
considered an important factor influencing the ability to capitalize on a potentiation response. 
To date, no investigations have attempted to examine the magnitude of the influence body 
position has on subsequent performance. Investigations have examined the influence of a 
static contraction from body positions other than a squat on performance in a jump and sprint 
(43, 46).  However, previous research has not directly assessed how the altered body position 
influences peak power output. Investigating the influence of body position similarity between 
the conditioning activity and the performance measure will have important implications for 
the design of pre-competition warm-up protocols that attempt to capitalise on a PAP 
response. 
 Therefore, the aim of the current investigation was to answer five specific questions 
pertaining to complex and contrast protocols. (i) What is the optimal protocol to maximise an 
acute enhancement in lower body power output?; (ii) Is a complex or contrast protocol more 
effective at acutely enhancing lower-body power?; (iii) Are static or dynamic conditioning 
actions more effective for maximising lower body power?; (iv) How does an altered body 
position (squat vs. leg press) in a contrast protocol influence lower body power?; (v) What is 
the relationship between an individual’s level of strength and their ability to acutely respond 
to complex or contrast protocols?  
Page | 56 
 
4.2. Methods 
4.2.1. Experimental Approach to the Problem 
A within-subjects repeated measures design was used to determine the acute effect of 
conventional, complex and contrast protocols on lower-body peak power output. Over a    
four-week period, 18 recreationally trained males completed six testing sessions to assess 
how the various protocols affected peak power output and other measures of lower-body 
explosive muscle function in a CMJ. Testing sessions were executed in a randomised order, 
and each session was separated by 3-5 days. A conventional (CONV) protocol served as the 
control condition, in which three sets of four countermovement jumps, with two minutes of 
rest between sets were performed without any potential influence from a heavy resistance 
exercise. Experimental conditions were; dynamic contrast (DCONT), dynamic complex 
(DCOMP), static contrast (SCONT), static complex (SCOMP), and static contrast leg press 
(SCONTLP). Figure 4.1.  presents a schematic diagram of the control and experimental 
conditions. The intensity and duration of the conditioning contractions and the rest period 
between sets were determined based upon previous research which has demonstrated acute 
increases in explosive muscle function using similar protocols (Please refer to Table 2.1.        
Pg . 29 & Table 2.4. Pg. 32).  
 Peak Power (PP) was obtained from each CMJ performed during the session, the 
mean values were obtained from the four jumps performed in each of the three sets, and the 
mean of the 12 jumps was used to represent the total session output. Although several 
variables were obtained from the CMJ, PP demonstrated high reliability in Study 1 
(Coefficient of Variation [CV] = 3.3-4.6%; Intraclass Correlation Coefficient [ICC] = 0.971-
0.985; Typical Error of Measurement [TEM] = 145.2-180.6W). Additionally it could be 
problematic to use multiple variables because differences between conditions may occur 
between some variables but not in others, therefore PP  will be the sole CMJ variable used to 
Page | 57 
 
determine the efficacy of each protocol compared to the conventional, and to ultimately 
determine which protocol will be used in the training study. 
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 Figure 4.1. Schematic diagram visually describing the two familiarisation sessions and the six experimental conditions
Familiarisation  session 1 
• Standardised Warm-up 
• 3 x 4 CMJ’s 
• 5RM ½ squat assessment 
 
Familiarization session 2 
• Standardised Warm-up 
• 3 x 4 CMJ’s 
 
Conventional 
Standardised warm-up 
• 4 CMJs 
• 2 min rest 
• 4 CMJs 
• 2 min rest 
• 4 CMJ’s 
• 2 min rest 
 
Dynamic Contrast 
Standardised warm-up 
• 4 x ½ squats at 5RM 
o 4 min rest 
• 4 CMJs 
o 2 min rest 
• 4 x ½ squats at 5RM 
o 4 min rest 
• 4 CMJs 
o 2 min rest 
• 4 x ½ squats at 5RM 
o 4 min rest 
• 4 CMJs 
 
Dynamic Complex 
Standardised warm-up 
• 4 x ½ squats at 5RM 
o 4 min rest 
• 4 x ½ squats at 5RM 
o 4 min rest 
• 4 x ½ squats at 5RM 
o 4 min rest 
• 4 CMJs 
o 2 min rest 
• 4 CMJs 
o 2 min rest 
• 4 CMJs 
Static Contrast 
Standardised warm-up 
• 5 sec. static back squat 
o 4 min rest 
• 4 CMJs 
o 2 min rest 
• 5 sec. static back squat 
o 4 min rest 
• 4 CMJs 
o 2 min. rest 
• 5 sec static back squat 
o 4 min. rest 
• 4 CMJs 
 
Static Complex 
Standardised warm-up 
• 5 sec. static back squat 
o 4 min. rest 
• 5 sec. static back squat 
o 4 min. rest 
• 5 sec. static back squat 
o 4 min. rest 
• 4 CMJs 
o 2 min. rest 
• 4 CMJs 
o 2 min. rest 
• 4 CMJs 
         Standard Contrast Leg Press 
Standardised warm-up 
• 5 sec. static leg press 
o 4 min. rest 
• 4 CMJS 
o 2 min. rest 
• 5 sec. static leg press 
o 4 min. rest 
• 4 CMJs 
o 2 min. rest 
• 5 sec static leg press 
o 4 min rest 
• 4 CMJS 
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4.2.2. Subjects 
 Eighteen recreationally trained males (mean ± SD; age = 21.1 ± 3.3yrs; body mass = 
81.7 ± 15.9kg; 5RM ½ back squat = 119.2 ± 25.4kg) who were actively involved in sports 
such as Australian Rules football, basketball, soccer, and rugby union participated in this 
investigation. All participants were in the offseason phase of their training program, and were 
actively involved in a resistance training program. All participants were free from injury 
during the time of the study and were asked to cease all other resistance training starting       
24 hours prior to the first session through completion of the study. Participants were asked to 
refrain from caffeine and alcohol intake 24 hours prior to attending a testing session, and to 
maintain their normal diet throughout the study. Informed consent was obtained from all 
participants prior to the start of the study, and approval was granted by the University’s 
Human Research Ethics Committee.   
4.3. Procedure 
Although all participants regularly participated in resistance training, a four-week 
familiarisation program to educate and reinforce correct ½ squat and CMJ technique occurred 
prior to data collection during which participants were instructed to maintain their normal 
exercise habits. The purpose of the familiarisation program was not to develop strength and 
power capacity, but to assess and reinforce appropriate exercise technique. Following the 
familiarisation period all participants attended two sessions to establish test-retest reliability 
and to determine the participants’ five repetition maximum (5RM) ½ back squat, and six 
experimental conditions over a four-week period. Sessions were separated by a minimum of 
72 hours to minimise fatigue from the previous session, and occurred at the same time day to 
account for diurnal fluctuations in the explosive force generating capacity of muscle (112).   
 Each session commenced with a standardised warm-up which consisted of five 
minutes of cycling on a stationary ergometer at a self-selected intensity to induce a light 
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sweat, and participants were instructed to repeat this intensity for all subsequent sessions. If 
participants were scheduled to execute a dynamic protocol, they then performed one set of   
10 half-squats at 50% of 5RM followed by a minute of rest, a set of four half-squats at 70% 
of 5RM followed by one minute of rest, and finally a set of two half-squats at 80% of 5RM 
followed by two minutes rest. For static protocols, participants performed one five-second 
static back squat at approximately 50% of maximum effort, another at approximately 70%, 
and finally another five-second contraction at “near maximal” intensity. For static 
contractions, participants followed a simple cadence of a five-second countdown, followed 
by “go, 1, 2, 3, 4, stop”. Participants began the static contraction on the word “go” with an 
aim to be at maximal intensity by the count of “two”. The timing used during static protocols 
implemented to decrease the injury risk associated with an explosive contraction in a static 
position. Static contractions were executed in a Smith machine which allowed the bar to be 
locked into place and prohibited any movement of the bar. 
4.3.1. Measurements 
4.3.1.1. Countermovement Jumps: Procedures for this test were previously described 
in procedures section of Chapter Three (section 3.3.2., Pg. 42) 
4.3.1.2. 5RM half-squat: A 5RM ½ squat was determined because this was used as the 
load in the dynamic back squat conditions. 5RM testing occurred during the first 
familiarisation session using a modified Smith machine. Participants performed three warm-
up sets of 10 repetitions at an estimated 50% of 1RM, four repetitions at an estimated 70% of 
1RM, and two repetitions at an estimated 80% 1RM. Three minutes after the final warm-up 
set, participants attempted their first 5RM. A 110° knee angle was measured with a 
goniometer, and a bungee cord was stretched between the tracking poles of the Smith 
machine as a reference point for the bottom position of the movement. If optimal depth was 
not obtained, feedback was provided to either increase or decrease the squat depth. If 
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participants failed to reach the desired squat depth on three repetitions, then the attempt was 
considered a failure. If participants were successful, the weight was increased to the nearest 
5kg until the participant could not lift the weight through the required range of motion. A 
five-minute rest was provided between each attempt, and all participants reached their 5RM 
within five attempts. 
4.1.3.3. Statistical Analysis 
Data were analysed using the Statistical Package for the Social Sciences (SPSS for 
Windows, version 18.0; SPSS Inc., Chicago, ILL.). Individual one-way ANOVA’s with 
repeated measures were performed for the session and the three individual set means from 
each protocol, to determine if there were significant differences in PP for each condition. 
When a significant effect was observed, simple contrasts were used to determine which 
protocols were significantly different from the conventional training method. Paired t-tests 
were used for comparisons between complex and contrast (DCOMP vs. DCONT; SCOMP 
vs. SCONT), dynamic and static (DCONT vs. SCONT; DCOMP vs SCOMP), and the 
influence of posture (SCONT vs. SCONTLP). Statistical significance was set at P < 0.05 for 
all data analysis. Calculations of effect sizes were performed to determine the magnitude of 
differences between means using a publicly available spreadsheet (62). Hopkins descriptive 
terms for differences in means were used to classify effect sizes: trivial (0.0 - 0.19), small 
(0.2- 0.59), moderate (0.6 – 1.19), large (1.2 – 1.9) and very large (> 2.0) (62). Because the 
difference in PP in the conventional and an unconventional protocol was thought to be an 
indicator of potential PAP, and since a PAP response has been associated with strength 
levels, a Pearson’s correlation was performed between the difference score (PP 
Unconventional – PP Conventional) and leg strength (5RM).   
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4.3. Results 
4.3.1. Optimal protocol for acute enhancement of lower body Peak Power 
The maximal sessional PP (mean ± SD) obtained in each of the protocols was 4430.35 
± 1060.73W (CONV), 4249.06 ± 957.05W (DCONT), 4396.21 ± 1068.20W (DCOMP), 
4343.86 ± 1036.09W (SCONT), 4289.32 ± 1027.59W (SCOMP), 4288.41 ± 1075.98W 
(SCONTLP). These values along with PP for individual sets are graphically represented in 
Figure 4.2. Mean (±SD), P values, effect sizes and percent differences for each condition 
compared to the conventional training method is presented in Table 4.1. 
4.3.2. Complex vs. contrast protocols 
The session PP in the DCOMP protocol was not significantly greater (P = 0.074) than 
in DCONT. When the comparison between complex and contrast protocols was made in the 
static conditions there was no significant difference (P = 0.286) between the two protocols. 
Means (± SD), percent differences and effect sizes for the comparison between complex and 
contrast protocols are provided in Table 4.2. 
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Figure 4.2. Visual representation of change in mean PP between sets of CMJ’s, DCONT = Dynamic Contrast, DCOMP = Dynamic Complex, 
SCONT = Static Contrast, SCOMP = Static Complex, SCONTLP = Static Contrast Leg Press 
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Table 4.1. Comparison of session and individual set peak power (n = 18). CONV = 
Conventional method, DCONT = Dynamic contrast, DCOMP = Dynamic complex, SCONT 
= Static contrast, SCOMP = Static Complex, SCONTLP = Static contrast leg press.              
(P < 0.05).  
 
Session 
(Conventional: 4430.35 ± 1060.73W) 
 Mean ± SD % Difference to 
Conventional 
P Value Effect Size 
DCONT (W)    4249.06 ± 657.05 -4.09 0.017 -0.21 (small) 
DCOMP (W) 4396.21 ± 1068.20 -0.77 0.575 -0.03 (trivial) 
SCONT (W) 4343.86 ± 1036.09 -1.95 0.046 -0.08 (trivial) 
SCOMP (W) 4289.32 ± 1027.59 -3.18 0.004 -0.14 (trivial) 
SCONTLP (W) 4288.41 ± 1075.98 -3.20 0.004 -0.13 (trivial) 
Set 1 
(Conventional: 4421.13 ± 1043.94W) 
DCONT (W)    4314.47 ± 934.49 - 2.41 0.147 -0.11 (trivial) 
DCOMP (W) 4390.31 ± 1013.53 -0.69 0.626 -0.03 (trivial) 
SCONT (W) 4355.62 ± 1028.05 -1.48 0.244 -0.06 (trivial) 
SCOMP (W) 4282.13 ± 1040.19 -3.14 0.018 -0.13 (trivial) 
SCONTLP (W) 4295.08 ± 1078.78 -2.85 0.044 -0.12 (trivial) 
Set 2 
(Conventional: 4428.60 ± 1063.25W) 
DCONT (W)    4208.31 ± 990.20 -4.97 0.019 -0.21 (small) 
DCOMP (W) 4424.02 ± 1110.11 -0.10 0.950 -0.00 (trivial) 
SCONT (W) 4342.62 ± 1047.40 -1.94 0.180 -0.08 (trivial) 
SCOMP (W) 4295.80 ± 1038.07 -3.00 0.012 -0.13 (trivial) 
SCONTLP (W) 4286.80 ± 1051.78 -3.20 0.019 -0.13 (trivial) 
Set 3 
(Conventional: 4441.31 ± 1090.25W) 
DCONT (W)    4224.39 ± 964.32 -4.88 0.010 -0.21 (small) 
DCOMP (W) 4374.30 ± 1088.49 -1.50 0.339 -0.06 (trivial) 
SCONT (W) 4333.32 ± 1046.41 -2.40 0.038 -0.10 (trivial) 
SCOMP (W) 4290.01 ± 1011.83 -3.40  0.000 -0.14 (trivial) 
SCONTLP (W) 4283.37 ± 1102.76 -3.55 0.001 -0.14 (trivial) 
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Table 4.2. Comparison of session peak power (n = 18) between complex and contrast 
protocols. DCONT = Dynamic contrast, DCOMP = Dynamic complex, SCONT = Static 
contrast, SCOMP = Static Complex. (P < 0.05). 
 
 Mean ± SD % Difference  
(from contrast) 
P Value Effect Size 
DCONT (W)    4249.06 ± 657.05 
3.5% 0.074 0.11 (trivial) 
DCOMP (W) 4396.21 ± 1068.20 
SCONT (W) 4343.86 ± 1036.09 
-1.3 0.286 -0.05 (trivial) 
SCOMP (W) 4289.32 ± 1027.59 
 
4.3.3. Dynamic vs. static protocols 
No significant difference (P = 0.112) existed in the session PP between DCONT and 
SCONT. However, when the comparison between DCOMP and SCOMP was conducted the 
results of the paired t-test revealed that session PP in DCOMP was significantly greater        
(p = 0.032) than SCOMP.  Means (±SD), precent differences and effect sizes for the 
comparison between static and dynamic protocols is presented in Table 4.3. 
 
Table 4.3. Comparison of session peak power (n = 18) between dynamic and static 
conditioning activities. DCONT = Dynamic contrast, SCONT = Static contrast, DCOMP = 
Dynamic complex, SCOMP = Static complex. (P < 0.05). 
 
 Mean ± SD % Difference  
(from dynamic) 
P Value Effect Size 
DCONT (W)   4249.06 ± 657.05 
2.2 0.112 0.11 (trivial) 
SCONT (W) 4343.86 ± 1036.09 
DCOMP (W) 4396.21 ± 1068.20 
-2.4 0.032 -0.10 (trivial) 
SCOMP (W) 4289.32 ± 1027.59 
 
4.3.4. Influence of body position 
When the comparison between the session PP SCONT and SCONTLP was conducted 
the results of paired t-test revealed that there was no significant difference (P = 0.283) 
between the two protocols. Presented in Table 4.4. are means ± SD, percent differences and 
effect sizes for the comparison between the two protocols. 
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Table 4.4. Comparison of session peak power (n = 18) between static leg press and static 
back squat in contrasting protocols. SCONT = Static contrast, SCONTLP = Static complex 
leg press. (P < 0.05). 
 
 Mean ± SD % Difference  
(from SCONT) 
P Value Effect Size 
SCONT (W) 4343.86 ± 1036.09 
-1.2 0.283 -0.05 (trivial) 
SCONTLP (W) 4288.41 ± 1075.98 
 
4.3.5. Influence of strength 
There were no significant correlations between absolute (5RM) and relative (5RM/body 
mass) leg strength and the ability to enhance PP in any of the unconventional protocols over 
the conventional. Table 4.5. presents the correlations between leg strength and changes in PP 
in unconventional protocols to the conventional protocol. 
 
Table. 4.5. Correlations between gains in session peak power in unconventional protocols 
over the conventional protocol and leg strength. CONV = Conventional method, DCONT = 
Dynamic contrast, DCOMP = Dynamic complex, SCONT = Static contrast, SCOMP = Static 
Complex, SCONTLP = Static contrast leg press. (P < 0.05). 
 
 Absolute Strength Relative Strength 
 r = p = r = p = 
DCONT - CONV 0.073 0.733 0.235 0.348 
DCOMP - CONV -0.117 0.643 -0.106 0.675 
SCONT - CONV 0.069 0.786 0.284 0.254 
SCOMP - CONV -0.174 0.490 0.213 0.396 
SCONTLP- CONV 0.308 0.213 0.170 0.500 
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4.4. Discussion 
4.4.1. Determination of optimal protocol 
The one-way ANOVA’s demonstrated that the contrast or complex training methods 
did not produce greater PP outputs than the conventional training method. In regards to the 
total session mean, the PP output in four of the five unconventional protocols (DCONT, 
SCONT, SCOMP & SCONTLP) was significantly (P < 0.05) lower than the conventional, 
however none of the differences in means had an effect size greater than “trivial”. These 
findings are surprising as contrast protocols are often researched and put into practice and 
have been recommended by coaches for enhanced explosive muscle function (32, 84). These 
results are also in contrast with findings from Duthie et al. (35) who reported that complex 
protocols resulted in the lowest PP outputs over the course of three sets compared to contrast 
and conventional protocols. In the current investigation, the PP output in the DCOMP 
increased slightly from the first to second set (Figure 4.2, Pg. 63) when PP output in other 
conditions either remained relatively unchanged or decreased. The conflicting results from 
the current investigation and those reported by Duthie and colleagues may be due to the 
different training status of the participants. Participants in the investigation by Duthie et al.  
were national level softball and hockey female athletes who were involved in a 
comprehensive power training program, where as participants in the current investigation 
were actively involved in sport and resistance training but had not been in a structured 
program specifically designed to enhance power output. The conditioning activities may have 
been too fatiguing for the recreationally trained participants, causing each set of jumps to be 
performed in a physiological state dominated by fatigue. This is supported by findings from 
Chiu et al. (15) who found highly trained power athletes were better able to capitalise on a 
PAP response then recreationally trained participants. 
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  It has been established in previous research that when attempting to capitalise on 
potentiation protocols, there is an intricate interplay between muscles’ potentiation and 
fatigue responses (99, 104).  During the unconventional protocols performed in this 
investigation, there may have been accumulated fatigue throughout the sets, leading to a 
decrease in muscles’ power capacity. The other side of the interplay is that there may not 
have been enough residual potentiation following the recovery period to elicit an acute 
increase in the muscle’s power capacity. At the time of performing the power activity, if the 
residual potentiation is greater than fatigue, power performance can be enhanced. Conversely, 
if fatigue is greater than the residual potentiation, performance may be hampered. Finally, if 
potentiation and fatigue are similar (whether high, medium or low) power performance will 
be stable.  
 There are several variables which influence the balance between fatigue and 
potentiation. The four-minute rest period used during the conditioning activities may not have 
been optimal for the load (intensity x volume), causing the window of opportunity to be 
missed. This is supported by recent findings from Wilson et al. (121) found that greater than 
four minutes of recovery is needed when recreationally trained subjects perform potentiation 
protocols with similar loads, and the authors recommend a seven-to ten-minute recovery 
period. It should be noted that the study by Wilson et al. was published until after the 
conclusion of data collection for this investigation, therefore its findings did not impact the 
methodology. 
4.4.2. Complex vs. contrast protocols 
When directly comparing the complex and contrast protocols using dynamic 
contractions there was a non-significantly greater 3.5 % increase in PP output during the 
DCOMP compared to the DCONT (Table 4.2., Pg. 63).  Although not statistically significant, 
this finding was surprising because much of the emphasis in research and practice has 
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focused on the efficacy of dynamic contrasting protocols, with little attention paid to dynamic 
complex protocols. These results are also in contrast with findings from Duthie et al. (35) 
who reported that complex protocols resulted in the lowest PP outputs over the course of 
three sets compared to contrast and conventional protocols. Although, the complex training 
method appeared to produce greater PP than the contrast training method with dynamic 
contractions, this did not hold true when static contractions were used. In fact, there was a 
trivial trend in the opposite direction, therefore there is no clear evidence to support either the 
complex or contrast methods. This may be expected as neither protocol demonstrated any 
potentiation compared to the conventional. 
4.4.3. Static vs. dynamic protocols 
During the complex protocols, SCOMP produced a significant 2.43% lower PP output 
than the DCOMP, however, during the contrast protocols the SCONT resulted in a            
non-significant 2.2% greater PP than its dynamic counterpart. The finding that there was a 
non-significant trend for the static contraction to be more effective than the dynamic in the 
contrast protocol is similar to the findings reported by Rixon et al. (100). However, because 
neither static nor dynamic were better in both conditions, there is no clear evidence that 
dynamic conditioning activities are better than static conditioning activities. 
4.4.4. Static back squat vs. static leg press 
The biomechanical similarity, in terms of body position, between the conditioning 
activity and the measure of performance is considered to be vital for the potentiation protocol 
to be successful (42). Previous research has demonstrated improved bilateral vertical jump 
performance following conditioning activities of a single joint knee extension in a seated 
position (43), and from a seated leg press (47). A conditioning activity from a seated position 
requires force generation from joint angles, specifically at the hip, which are dissimilar to 
those in a jump. The results of the current investigation demonstrate that changing position 
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from a standing static back squat to a seated static leg press does not negatively impact 
subsequent power output. To date, the current investigation is the only one to directly assess 
how a change in body position influences power output in a contrast protocol. Although 
neither training condition produced a power output greater than the conventional training 
method, the lack of decline in power output provides evidence that the biomechanical 
similarity between conditioning activity and performance measure may not be as vital as 
originally believed. 
4.4.5. Influence of strength 
There were participants who were individual responders to unconventional training 
methods, to highlight this observation, every participant’s sessional PP for each condition is 
presented in Figure 4.3. It is believed that a participant’s capacity to recruit the necessary 
fast-twitch muscle fibres, and generate a substantial amount of force is a physical 
characteristic influencing the ability to capitalise on complex and contrast protocols. The 
finding that there were no significant correlations between increased PP output in 
unconventional protocols over the conventional training method and leg strength, conflicts 
with previous research, which has reported that stronger participants are able to elicit greater 
PP outputs in unconventional training protocols (15, 35, 124). It is possible participants in the 
current study were not of a high enough strength training level to recruit the necessary fast-
twitch muscle fibres to produce a significant potentiation response. Alternatively, the 
participants may not have had the physiological capacity to successfully manage the fatigue 
from the conditioning activities causing decreased force generating capacity during the 
subsequent CMJs. 
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Figure 4.3. Individual responses in sessional PP for each participant in each training method.
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4.5. Practical Application 
The most significant finding from this investigation is that none of the unconventional 
protocols resulted in greater PP output than the conventional training method. This finding is 
possibly related to the presence of fatigue in the unconventional training methods, and may 
have been different if longer recovery periods were utilised. However, the finding that the 
DCOMP protocol was the closest unconventional protocol to the conventional was interesting 
because of the considerable attention paid to the contrast protocols in research and practice. 
This finding highlights that when coaches are attempting to assess acute responses to 
potentiating protocols, that a complex protocol should be included. Furthermore, the finding 
that PP output did not decrease when a static leg press was used as a conditioning activity in a 
contrast protocol was unique to this investigation. Future research should investigate the 
importance that body position has on potentiation protocols in training as well as in warm-up 
protocols. Equipment necessary to execute a static back squat may not be easily accessible, 
however a wall or partner may be more readily available to execute static leg press. 
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Chapter 5 
Study 3: Chronic adaptations in lower body power, 
sprint and jump performance following nine weeks 
of complex and conventional training. 
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5.1. Introduction 
 Former Soviet researchers / coaches Verkhoshansky and Tatyan (118) were the first to 
attempt the application of a training approach, in which the purpose was to enhance “speed-
strength” performance following the execution of a heavy exercise. Their investigation 
remains one of the few attempts to demonstrate the effectiveness of a method explained by 
PAP for creating a chronic adaptation in explosive muscle function, which is greater than 
those achieved through conventional training practices. Furthermore, in a recent 
comprehensive review of power training methods, Cormie, McGuigan and Newton (27)   
noted that more research is needed in relation to complex training to determine if methods 
underpinned by PAP are greater than other training methods. Despite the lack of evidence 
supporting chronic adaptations that are greater than conventional training methods, coaches 
promote complex or contrast programming as a superior method. For example, May, Cipriani 
and Lorenz (84) state that “Complex training is a form of training that can be used throughout 
the year with the intent to increase power and athletic performance” (pg. 35). 
Few investigations have attempted to demonstrate the superiority of methods 
underpinned by PAP to conventional methods, and those that have are limited by short 
training durations. A study published by Dodd and Alavar (33) compared four weeks of 
contrast training, plyometric and heavy resistance training with competitive college-aged 
baseball players. It was reported that four weeks of training utilising contrast sets resulted in 
significantly greater improvements in 20, 40 and 60 metre sprint times, vertical jump height, 
standing broad jump and t-agility tests when compared to the other methods of training.  
However, the four weeks of training and the short one-week unloading period between 
training methods may not have been enough time for training adaptations from the previous 
method to occur which limits the ability to directly compare the three training modalities. 
Similarly, an investigation conducted by Mihalik et al. (89) reported that contrast training 
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resulted in a significant 4.8% increases in peak power output following only four weeks of 
training. Although contrast training resulted in a significant improvement above pre-test 
values it was not significantly greater than improvements observed in a group that performed 
strength and power exercises in separate sessions. From these results it cannot be concluded 
that four weeks of contrasting sets is more effective at developing power or enhancing sprint 
and jumping performance than other training methods. More recently, Tsimachidis et al (116) 
demonstrated within a group of elite junior basketball players with no resistance training 
experience, that executing two contrast training sessions consisting of four sets of a five 
repetitions back squat with a 5RM load contrasted with a 30m sprint a week over a 10-week 
period resulted in significantly greater improvements in leg strength and 30m sprint time than 
basketball training only. Although this investigation used a relatively long training duration, 
the lack of another method of resistance training to compare the contrast training to does not 
allow for a conclusion to be made regarding the contrast method’s effectiveness over other 
training methods. Furthermore, all training studies investigating methods underpinned by 
PAP have used contrast training and not the complex method. Results from the previous 
investigation (Ch. 4) demonstrated that in an acute session, the complex method holds the 
potential to be a more appropriate option than the contrast method for improving lower body 
power output. Therefore, the purpose of this novel investigation was to determine if complex 
training elicited greater improvements in lower body power, sprint and jump performance 
than conventional training.  
 
5.2. Methods 
5.2.1. Experimental approach to the problem 
  A pre-post design was utilised to determine if nine weeks of training with complex 
sets were more effective at enhancing lower body power, sprint and jump performance than 
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the conventional method. Figure 5.1. is a flow chart representing the time frame of the study. 
The assessment of sprint and jump performance were included in this investigation, because 
the use of squats and jump squats are often prescribed to enhance lower body strength and 
power with the intention to maximise transfer to sport skills such as sprinting and jumping 
(25, 27, 48, 86, 92). For example, Newton, Kraemer, Hakkinen (92) reported significant 
improvements (P < 0.05) in jump performance within experienced jumpers when training 
with squats and jump squats. Additionally, Mcbride et al. (86) reported significant 
improvements (P < 0.05) in sprint performance following 8 weeks of training with squats and 
jump squats. Lower body power was assessed with a countermovement jump (CMJ). Vertical 
jumps from both a standing and running approach were used to assess jumping performance, 
as they have previously been shown to represent independent skills that are prevalent in sport 
(125, 126). Two training interventions, with equal volumes of work were designed, with the 
only difference between the groups being that the complex group executed the back squats 
prior to their jump squats and the conventional group performed their jump squats prior to the 
back squats. 
 
 
 
 
 
 
 
 
 
Figure 5.1.  Flow chart depicting the time frame of the study 
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5.2.2. Subjects 
Participants were 20 injury-free recreationally trained males, with demographic 
information provided in Table 5.1. All participants were actively involved in the sports of 
Australian Rules football, rugby union, basketball, and soccer and had a minimum of one 
year of resistance training experience. Participants were randomly assigned to either a 
conventional training group (n = 11) or a complex training group (n = 9), a power analysis 
was not conducted for this study, however similar sample sizes have been used in previous 
investigations (3, 116, 119). 
 
Table 5.1. Description of subjects for each training group, CONV = conventional, COMP = 
complex 
 Age (yrs) Height (cm) Mass (kg) 
 CONV COMP CONV COMP CONV COMP 
Mean 20.91 21.44 182.59 184.67 81.17 84.29 
SD 3.59 3.54 8.17 4.46 13.25 14.24 
 
5.3. Procedures 
Both pre-and post-testing consisted of two sessions, Session 1 was to assess sprint, 
standing vertical jump (SVJ) performance and one repetition maximum (1RM) ½ back squat. 
Due to the possible potentiating influence of performing strength exercise prior to sprint and 
jump performance, the 1RM strength test was always conducted as the final test of the 
session.  The second testing session was to assess running vertical jump (RVJ) and lower 
body explosive muscle function through a CMJ using a variety of loads.  Each testing session 
commenced with a warm-up which consisted of four minutes of moderate intensity jogging, 
followed by practice repetitions of the test which gradually increased in intensity. 
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5.3.1. 20 metre sprint 
The participant used a standing start with the toe of the front foot just behind the start 
line, and was allowed to start when ready. He was required to commence the sprint from a 
stationary position so that the first forward movement would trigger the timing. Light gates 
(Swift Performance Equipment, Australia) were placed at the start and at 10, 15 and 20m. 
The testing was conducted indoors on an all-purpose floor in a temperature-controlled 
building (approximately 20° C). Two 20m sprints were performed with complete recoveries 
of 2-3 minutes. If the 20m time from second trial was better than the first, a third trial was 
performed and times from all splits from the best trial was retained for analysis. The time to 
10m was considered as a measure of acceleration performance and the time between 15 and 
20m (flying 5m) was considered as a measure later acceleration. The 20m sprint was broken 
into these two splits because previous research by Young et al. (126) has demonstrated that 
depending upon the phase of the sprint different physical qualities underlie its performance. 
The peak maximum speed for each participant was not assessed due to lack of the necessary 
space to conduct a longer sprint. 
 5.3.2. Vertical Jump Performance 
 Two separate tests of vertical jumping performance were conducted: a standing 
vertical jump and a vertical jump following a run-up. Previous research typically uses a 
standing vertical jump, however, a jump from a run-up and single leg take off is used in 
sports such as basketball and Australian Football. Additionally a vertical jump following a 
run-up has previously been shown to be a reliable (ICC = 0.92; CV% = 3.93), and represent a 
different aspect of performance from the standing vertical jump (125).  For both tests, jump 
height was measured to the nearest cm with the Yard Stick vertical jumping device (Swift 
Performance Equipment, Australia). Both the standing and running vertical jump began with 
the participant assuming a standing position with feet flat on floor and dominant arm 
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extended overhead, the bottom extension of the Yard Stick was then adjusted to be even with 
the top of the participant’s middle finger to obtain a zero position. For the standing vertical 
jump participants were instructed to perform a counter movement to a self-selected depth and 
without pause, jump vertically. Running vertical jumps were executed off a single-leg take-
off from the preferred foot following a self-selected run-up. Participants completed a 
minimum of three attempts for each jump, however, if performance continued to increase, 
additional attempts with full recovery were permitted. 
5.3.3. 1RM ½ back squat 
1RM assessment occurred during the first testing session using a modified Smith 
machine. Participants performed a general warm up of four minutes of jogging, for this 
participants were instructed to jog at an intensity that would elicit a light sweat,  followed by 
three warm-up sets, 10 repetitions at an estimated 50% of 1RM, four repetitions at an 
estimated 70% of 1RM, and two repetitions at an estimated 80% 1RM. Three minutes after 
the final warm-up set, participants attempted their first 1RM. A 90° knee angle was measured 
with a goniometer, and a bungee cord was stretched between the tracking poles of the Smith 
machine as a reference point for the bottom position of the movement. If optimal depth was 
not obtained, feedback was provided to either increase or decrease the squat depth. Failure to 
reach the desired squat depth of two consecutive attempts resulted in a failure. If participants 
were successful, the weight was increased to the nearest 2.5kg until the participant could not 
lift the weight through the required range of motion. A five minute rest was provided between 
each attempt, and each participant reached their 1RM within five attempts. 
5.3.4. CMJs 
One set of four CMJs under three loading conditions, body weight (CMJBW), BW 
plus 10% of 1RM (CMJ10), and body weight plus 20% of 1RM (CMJ20) were used to 
determine the optimal loading for maximal power (Pmax). Three loading conditions were used 
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because previous research has demonstrated that Pmax generally occurs with no external 
loading (body weight only), however some individuals may produce their Pmax against an 
additional external load (24). In order to ensure participants were training with their optimal 
load, Pmax was assessed over three loading conditions. Body weight and loaded CMJ’s have 
been previously shown to have high test-retest reliability (104) with CV’s and ICC’s ranging 
from 7.2 - 9.5% and 0.74 – 0.96 respectively. For each set participants were instructed to dip 
to a self-selected depth and “jump for maximal height”. Five to ten minutes of recovery 
occurred between sets of jumps. CMJ variables of JH, BV, PF, and PP were calculated during 
the concentric phase of the jump, which was determined from the lowest point on the 
displacement-time curve and concluded after peak displacement was achieved, as previously 
described in section 3.3.2 (pg. 42).  
5.3.5. Training Program 
 Participants attended two training sessions per week over a nine-week period with a 
two-week break between weeks four and five due to the academic calendar. The two week 
break was required because not all participants were available during the university break. 
Total volume and the relative intensity of squats and jump squats were held constant, with the 
dependent variable being the order in which the squats and jump squats were performed.  The 
complex training group performed squats prior to jump squats, and the conventional training 
group executed jump squats prior to squats. Depending on the training session, three to four 
sets of four repetitions of jump squats with the optimal load for P max output development and 
three to six repetitions of squats were performed.  Four minutes of recovery between sets of 
squats, and three minutes of rest between sets of jump squats were held constant throughout 
the study. These rest periods were chosen as they were believed to help facilitate the optimal 
balance between a possible potentiation response and fatigue.  Loads ranging between three 
and eight- repetition maximum were prescribed for sets of back squats, as training with high-
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intensity loads have been recommended for the development of strength (4). Throughout the 
study, all participants performed their jump squats with no external loading, as these were the 
loads which were shown to produce Pmax during the pre-testing sessions. Executing the jump 
squat with the load which produces Pmax has been recommended for the optimal development 
of Pmax (24, 27). All squats and jump squats were supervised by a member of the research 
group to ensure participants adhered to the prescribed training sessions. An overview of the 
nine-week training program is provided in Table 5.2.  
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Table 5.2. Overview of nine-week training program. 
 Week 1 Week 2 Week 3 Week 4 Week 5 
 Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Squats 3 6 8 4 3 6 8 4 3 5 5 4 3 5 5 4 3 5 5 4 
Jump 
Squats 
3 4 BW 3 3 4 BW 3 3 4 BW 3 3 4 BW 3 3 4 BW 3 
 
 Week 6 Week 7 Week 8 Week 9  
 Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Sets Reps Load 
(RM) 
Rest 
(min) 
Squats 4 5 5 4 4 5 5 4 4 4 4 4 4 3 3 4 
Jump 
Squats 
4 4 BW 3 4 4 BW 3 4 4 BW 3 4 4 BW 3 
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5.3.6. Data analysis 
Originally 24 participants commenced involvement in the study, however, four 
participants were required to cease their involvement in the study for the following reasons; 
moved residence and was unable to complete training, anterior cruciate ligament (ACL) 
injury sustained during a physical education class, ankle sprain sustained during physical 
education, spontaneous partial lung collapse that occurred while at home, none of the injuries 
were related to participation in the study. All remaining participants completed a minimum of 
88% of training (16 out of the 18 sessions). From the 20 participants who completed the 
investigation, means and standard deviations for 1RM ½ back squat, 0-20m sprint time, 0-
10m sprint time, 15-20m sprint time, standing VJ, running VJ and CMJ variables of JH, BV, 
PF and PP were collected pre- and post-training to compare group means.  
5.3.6.1. Pre-Post testing 
Independent group t-tests were used to determine if significant differences were present 
between groups prior to training, and to compare adherence to training. Paired t-tests were 
used to determine within group changes from training. A 2 x 2 (group x test) repeated 
measures Analysis of Variance (ANOVA) was used to determine improvements between 
training groups following the training intervention. Calculations of effect sizes were 
performed to determine the magnitude of differences between means using a publicly 
available spreadsheet (63). Hopkins descriptive terms for differences in means were used to 
classify effect sizes: trivial (0.0 - 0.19), small (0.2- 0.59), moderate (0.6 – 1.19), large (1.2 – 
1.9) and very large (> 2.0) (62).  
5.3.6.2. Correlations  
Pre-test data were analysed using Pearson’s correlations to determine relationships 
between CMJ variables, sprint performance, jump performance and strength. A P–value of < 
0.05 was considered to be statistically significant. All analyses were conducted using the 
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Statistical Package for the Social Sciences (SPSS for Windows, version 18.0; SPSS. Inc., 
Chicago, IL, USA) 
 
5.4. Results 
5.4.1. Group x Test interaction 
The only significant group x time interaction was observed in the running VJ, with the 
complex training group demonstrating significantly greater improvement than the 
conventional training group. Means (± SD), P - values, percent change and effect sizes are 
presented in Table 5.4. Independent t-tests from the pre-training data indicated that no 
significant differences (P > 0.05) between training existed prior to training (Tables 5.3 & 
5.4). No significant difference (P = 0.783) in adherence to training existed between the 
conventional training (98.4%) and the complex training (98.1%) groups. Results from the 
paired t –test showed that the conventional training group significantly improved in 1RM 
strength (P < 0.01) and standing VJ (P < 0.01). Similarly, the Complex training group also 
displayed significant improvements in 1RM (P < 0.01), standing VJ (P < 0.01) and running 
VJ (P < 0.01). Conventional training resulted in significant within group improvements in all 
CMJ variables when there was no external load, however, the complex training group 
significantly improved in only JH and BV. When CMJs were executed with an external load, 
the only significant improvements following training were observed in the complex training 
group in the variables of JH, BV and PF.  
5.4.2. Correlations 
Significant correlations (P < 0.05) existed pre between CMJ variables and measures 
of sprint and jump performance from the pre-test data (Table 5.5). 
Page | 85 
 
Table 5.3. Pre-Post testing mean ± SD for CMJ variables, P value = within group changes, T = trivial, S = small, M = moderate, L= large. 
Bold = P < 0.05. 
 
 
 
 
 
 
  Conventional (n =11)  Complex (n = 9) 
  Pre Post    Pre Post    
  Mean ± SD Mean ± SD P Value % 
Change 
Effect Size Mean ± SD Mean ± SD P Value % 
Change 
Effect Size 
Body 
Weight 
CMJs 
JH (cm) 41.9 ± 5.2 45.9 ± 4.3 < 0.01 9.5 0.84 (M) 43.1 ± 3.9 46.6 ± 5.0 < 0.01 8.2 0.78 (L) 
BV (m/s) 2.35 ± 0.32 2.46 ± 0.28 0.027 4.7 0.37 (S) 2.4 ± 0.06 2.51 ± 0 .15 0.017 4.6 0.96 (L) 
PF (N) 1796.63 ± 266.88 1898.11 ± 246.06 0.032 5.6 0.50 (S) 1951.30 ± 342.07 1996.76 ± 369.80 0.301 2.3 0.13 (T) 
PP (W) 4082.51 ± 866.00 4243.22 ± 719.22 0.005 3.9 0.20 (S) 4456.44 ± 908.66 4634.27 ± 1077.90 0.120 3.9 0.18 (T) 
10% 
1RM 
CMJs 
JH (cm) 38.1 ± 5.4 39.0 ± 4.2 0.381 2.4 0.19 (T) 37.7 ± 4.5 41.1 ± 3.5 0.001 9.0 0.84 (L) 
BV (m/s) 2.15 ± 0.29 2.15 ± 0.21 0.931 0.0 0.00 (T) 2.14 ± 0.11 2.22 ± 0.13 0.001 3.7 0.66 (L) 
PF (N) 1940.34 ± 241.19 1991.24 ± 231.60 0.092 2.6 0.22 (S) 2087.66 ± 379.99 2101.04 ± 345.52 0.642 0.6 0.04 (T) 
PP (W) 3972.48 ± 731.41 3834.95 ±661.88 0.265 -3.4 -0.20 (S) 4257.35 ± 1001.65 4236.12 ± 926.13 0.886 -0.5 -0.02 (T) 
20% 
1RM 
CMJs 
JH (cm) 31.3 ± 4.4 32.7 ± 2.7 0.259 4.5 0.38 (S) 33.0 ± 3.9 35.0 ± 3.3 0.580 6.1 0.55 (S) 
BV (m/s) 1.84 ± 0.23 1.87 ± 0.17 0.681 1.6 0.15 (T) 1.90 ± 0.16 1.97 ± 0.10 0.147 3.7 0.52 (S) 
PF (N) 2069.55 ± 294.19 2147.07 ± 262.08 0.153 3.7 0.28 (S) 2216.31 ± 420.04 2301.70 ± 377.65 0.042 3.8 0.21 (S) 
PP (W) 3609.65 ± 634.50 3587.88 ± 524.51 0.823 -0.6 -0.04 (T) 3998.26 ± 879.29 4062.31 ± 786.32 0.272 1.6 0.08  (T) 
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Table 5.4. Pre-Post testing mean ± SD for performance measures, P value = within group change. T = trivial, S = small, M = moderate,               
L = large.* = significant group x time interaction P < 0.05. Bold = P < 0.05 
 
 
 
 
 
 
 
 
 Conventional (n = 11) Complex (n = 9) 
Pre Post    Pre Post    
Mean ± SD Mean ± SD P Value % 
Change 
Effect 
Size 
Mean ± SD Mean ± SD P Value % 
Change 
Effect Size 
Pe
rf
or
m
an
ce
 
M
ea
su
re
s 
0-20m (s) 3.27 ± 0.22 3.26 ± 0.20 0.571 -0.3 -0.05 3.30 ± 0.11 3.27 ± 0.13 0.203 -0.9 -0.25 
0-10m (s) 
(early acceleration) 
1.96 ± 0.14 1.92 ± 0.15 0.167 -2.0 -0.28 1.97 ± 0.06 1.95 ± 0.10 0.569 1.0 -0.24 
15-20m (s) 
(late acceleration) 
0.64 ± 0.05 0.64 ± 0.05 0.706 0.0 0.00 0.65 ± 0.04 0.64 ± 0.03 0.022 -1.5 -0.28 
Standing VJ (cm) 59.5 ± 8.2 63.5 ± 8.4 <0.01 6.7 0.48 59.4 ± 6.4 65.1 ± 4.5 <0.01 9.6 1.03 
Running VJ (cm) 72.6 ± 12.0 71.8 ± 11.7 0.432 -1.1 -0.07 68.4 ± 9.0 72.2 ± 9.5* <0.01 5.6 0.41 
1 RM (kg) 138.6 ± 31.5 170.9 ± 26.1 <0.01 23.3 1.12 145.6 ± 32.6 181.1 ± 35.3 <0.01 24.4 1.04 
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Table 5.5. Correlations between pre-test CMJ variables and measures of sprint and jump performance for all participants, Bold = significant 
correlation P < 0.05 
Pre-testing Correlations (n = 20) 
  BW CMJ variables 10% 1RM CMJ Variables 20% 1RM CMJ Variables Performance Measures 
  JH BV PF PP PP/BW JH BV PF PP PP/BW JH BV PF PP PP/BW Stand VJ Run VJ 15-20m 0-10m 
0-20m 
-0.713 -0.579 0.377 -0.002 -0.426 -0.715 -0.710 0.253 -0.134 -0.524 -0.473 -0.529 0.348 -0.031 -0.326 -0.702 -0.772 0.836 0.968 
0-10m                          
-0.671 -0.632 0.360 -0.033 -0.524 -0.712 -0.776 0.241 -0.162 -0.611 -0.515 -0.649 0.375 -0.077 -0.430 -0.706 -0.797 0.693  
15-20m                         
-0.661 -0.370 0.261 -0.015 -0.161 -0.531 -0.410 0.115 -0.121 -0.266 -0.254 -0.160 0.124 -0.016 -0.088 -0.589 -0.617   
Running VJ 
0.656 0.575 0.166 0.193 0.534 0.636 0.560 -0.012 0.305 0.314 0.311 0.400 0.167 0.167 0.314 0.757    
Standing VJ 
0.876 0.606 -0.255 0.494 0.724 0.842 0.678 0.337 0.594 0.757 0.625 0.567 0.235 0.545 0.602     
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5.5. Discussion 
Training was successful in inducing gains in both strength and power, however the only 
significant group x time interaction (P = 0.01) was observed in the running vertical jump.  
Although there was no significant between group interaction (P = 0.08), a statistically 
significant within group improvement for 10-20m sprint time was observed in the complex 
training group, that was not observed in the conventional training group. Pearson’s 
correlations conducted from both pre- and post-testing results show that a statistically 
significant (P = 0.01) relationship exists between 15-20m sprint time and running vertical 
jump height ( r = 0.757). This significant relationship highlights that successful execution of 
both these performance measures are underpinned by similar physical qualities. Further, 
observation of the relationship between CMJ variables and measures of performance 
determined from both pre- and post-testing sessions demonstrate no measures of explosive 
muscle function obtained from the CMJ correlate significantly with both 15-20m sprint time 
and running vertical jump. This finding highlights the possibility that complex training may 
have elicited an adaptation in a physical quality which underlies successful performance of 
both 15-20m sprint and running vertical jump performance that was not assessed during this 
investigation. There is a dearth of research which has utilised the running vertical jump as a 
measure of performance. However, Young and colleagues (129) reported that drop jump 
performance for maximal height and minimal contact time, as a measure of reactive strength, 
correlated significantly (r = 0.72; P < 0.05) with running vertical jump performance. 
Furthermore, investigations conducted by Comyns (20), Gullich and Schmidtbleicher (43), 
and French, Kraemer and Cooke (47) have shown that reactive strength assessed via a drop 
jump for maximal height with minimal ground contact time, has been acutely enhanced when 
preceded by three sets of a heavy resistance exercise, which is a similar to the training 
performed by the complex training group. The authors of these previous investigations have 
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suggested that the heightened nervous system associated with PAP-inducing protocols may 
acutely enhance the function of the stretch shortening cycle (SSC) resulting in greater power 
output with short contact times (43, 47). Not directly assessing reactive strength is a 
limitation of the current investigation, however, these results may provide incentive for future 
research to investigate the efficacy of complex training protocols on reactive strength. 
5.5.1. 1RM ½ squat 
  Following nine weeks of training 1RM back squat improved significantly in both the 
conventional (23.3%) and the complex (24.4%) training groups. These improvements in 
strength are in line with previous results from a combined strength and power training 
program. For example, Hartman et al. (55) reported a 30.4% improvement in 1RM back squat 
following 10-weeks of squat training using similar training intensities and a subject cohort to 
the present investigation. Similarly, Harris et al. (53) reported an 11% improvement in 
parallel squat 1RM and a 37% improvement in ¼ squat 1RM following nine weeks of 
training designed in highly competitive American Football players.  
5.5.2. Vertical Jump 
Statistically significant improvements were observed in standing vertical jump in both 
the conventional (6.7%) and complex group (9.6%). This finding is not surprising, as the 
training undertaken by both groups consisted of exercises with substantial biomechanical and 
postural similarity to the performance of a standing vertical jump. This similarity between 
training exercises and the measure of performance is highlighted by the significant 
correlation (P < 0.01) between CMJ height and standing vertical jump height (r = 0.876). The 
results from the current investigation are in line with previous research. Mihalik et al. (89) 
reported a significant 5.6% improvement in the vertical jump height of experienced jumpers 
following a contrast training program consisting of two sessions of three contrasting pairs 
twice per week over a four-week period. Exercises reported to have been used during the 
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training program were; squats paired with drop jumps, lunges paired with split squat jumps, 
and dead lifts paired with bounds, equating to higher volume of strength and plyometric 
training than what was utilised in the current investigation.  Similar to the results of the 
present investigation, the contrasting protocol was not significantly better at enhancing 
vertical jump performance than a “compound training” program where heavy resistance and 
plyometric exercises were performed during different training sessions separated by 24 hours. 
Contrary to the results of the present study are those reported by Dodd and Alavar (33) who 
reported no improvement in vertical jump performance following four weeks of contrast 
training. The specific exercises utilised during training were not reported making specific 
comparisons between the two training protocols difficult. Similarly, MacDonald, Lamont and 
Gardner (78) reported no significant improvement in standing vertical jump performance 
following six weeks of contrast training. However, no specific exercises were reported so it is 
difficult to compare programs. Based upon the results of the current investigation it can be 
concluded that both training methods effectively transfer to the sport skill of a VJ with an arm 
swing, which may highlight the importance of exercise specificity for transfer to 
performance. 
5.5.3. Sprint performance 
Although the 20m sprint is a popular tool to assess sprint performance, its short 
distance prohibits a true assessment of maximal speed. The 20m sprint can be classified into 
two distinct phases; early acceleration over the first ten metres, and late acceleration over the 
final five metres. It has been shown that depending upon the phase of the sprint, different 
physical qualities underlie its performance (126). From the results of the Pearson’s 
correlations conducted from pre-test data (Table 5.4), the measures of sprint performance 
possessed a commonality of only 46%, highlighting that they are influenced by separate 
physical qualities. Following the nine-week training program, 20m sprint time did not 
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significantly improve in either the conventional (P = 0.571) or the complex (P = 0.203) 
training groups. These results are in line with those Dodd and Alvar (33) who reported a non-
significant 0.5% improvement in a sprint test of similar distance (20 yards) following four 
weeks of contrast training. However, it should be noted that sprint times from the 
investigation were assessed with a hand-held stop watch and no measure of inter-tester 
reliability were reported, bringing into question of the validity of the results.  
A 0-10m sprint time is commonly used to assess acceleration and has been shown to 
have significant correlation with maximal force production (6, 125).  The conventional 
training group produced a 2.0% improvement in 0-10m sprint and complex training group 
demonstrated a 1.0% improvement, similar changes in acceleration have been previously 
reported in the literature (25) following a similar training duration. Although Cormie, 
McGuigan, and Newton (25) reported significant improvements in 0-40m sprint times, non-
significant improvements of in 0-10m sprint time following 10 weeks of either strength 
training only or power training only with participants of a similar training background. 
Furthermore, Ronnestad et al. (102) reported non-significant improvements in 0-10m sprint 
times in trained professional soccer players following a strength training and plyometric 
training program. Although there were no significant group x time interactions for any sprint 
qualities following training, we did see a significant improvement in 15-20m sprint time from 
the complex training group. The small magnitude of improvements in sprint performance was 
expected as all resistance training exercises were performed bilaterally in a vertical plane, 
where sprinting is performed unilaterally in a horizontal plane. These findings highlight the 
need for postural specificity between training exercises and the sport specific movement.  
5.5.4. CMJ variables 
Improvements in CMJ variables following nine weeks of training were evident in both 
training groups, however, CMJ jump height was the variable that participants showed the 
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greatest improvement in following training. Reasoning for this level of improvement in JH 
may be traced back to the specific training undertaken as well as the instructions of “to jump 
for maximal height” provided to participants in both training and testing. Findings from the 
present investigation found that there is a non-significant correlation (r = 0.314; P = 0.177) 
between PF and JH in a CMJ. These results are supported by those reported by Young, 
Cormack and Crichton (123), who also reported a non-significant correlation (r = -0.163) 
between PF and JH in a CMJ test using the same procedures. Additionally, the variable of PP 
which is a common focus of the CMJ did not possess the highest correlation with sprint 
performance, highlighting that other variables obtained from the test may better relate to 
sprint performance. Throughout the course of the training program, participants executed a 
total of 284 CMJ’s. Prior to each set of jumps performed in training, the instruction to jump 
for maximal height was reinforced. This may have caused the participant to alter their 
jumping pattern to maximise jump height at the cost of optimal force production. The 
influence that specific instructions have on CMJ variables will be discussed in greater detail 
in Chapter Six. Similar to the results of the current investigation, 4.8% and 7.5% 
improvement in peak power were reported by Mihalik et al (89) following contrast training 
and compound training respectively. However, PP was calculated using kinetic data obtained 
from the force plate only which has been shown to possess less validity when measuring 
power output than the combined FP and LPT method (22, 34). Furthermore, the jump utilised 
an arm swing which does not isolate the musculature of the lower body for force production 
which makes a comparison between studies difficult. Utilising similar testing protocols, 
however with different training methods Cormie et al. (25) reported much larger 
improvements of 28% in PP, 34% in PF, 61% in PV and 50% in jump height. It should be 
noted that the training program undertaken by the participants was three times per week over 
a ten week period, based upon information provided a total of 1,090 maximal effort CMJs 
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were performed during the training program compared to the 284 executed during the current 
investigation. 
5.5.5. Loaded CMJs 
As previously mentioned, statistically significant within group improvements in JH       
(P = 0.01) and BV (P = 0.01) were observed following complex training. Previous research 
has indicated that greater explosive muscle function in loaded CMJs is related to the strength 
capacity of the individual (25, 95, 105). In the current investigation, statistically significant 
within group improvements in strength were observed in both groups following the nine-
weeks of training. However, the lack of significant group x time interaction in strength gain 
between groups highlights that the gain in strength may not have directly lead to the 
improved ability to maintain velocity and ultimately JH in a CMJ with the presence of an 
additional external load. Arguably, the most critical adaptation leading to increased explosive 
force generating capacity resulting from training is enhanced neural activation. Assessment of 
alterations in muscle activation as the result of changed motor unit recruitment and firing 
frequency is generally determined through surface Electromyography (EMG). Surface EMG 
was not utilised in this investigation, preventing any definitive conclusion as to why, there 
would be a trend for the complex training group to enhance certain aspects of explosive 
muscle function in the presence of an external load that was not observed in the conventional 
training group. The inability of complex training to produce an improvement in PP that was 
greater than conventional training is related to the fatigue-potentiation relationship depicted 
in Figure 2.2. (Pg. 20). The loading for the ½ squats used in this investigation may have 
elicited too much fatigue, or, the recovery period between sets may have been too short 
resulting in an inability to capitalise on PAP during training. 
The results of the investigation produced the following conclusions: 1) Complex 
training consisting of ½ back squats and body weight CMJs was equally effective as 
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conventional training with the same exercise, when attempting to enhance lower body 
explosive muscle function, and standing vertical; 2) Complex training with ½ back squats and 
body weight CMJ’s was more effective than conventional training when the goal is to 
improve running vertical jump; 3) Significant improvements were observed in JH and BV in 
the complex training group but not the conventional training group when CMJs were 
executed with 10% of the participants 1RM ½ back squat. 
5.6. Practical Application 
When adhering to textbook recommendations for the design of a resistance training 
session, a coach would not prescribe strength-based exercises, such as back squats prior to 
power based exercises such as a jump squats, due to the rationale that the back squats would 
generate fatigue that would lead to a suboptimal power training effect (1). The results from 
this study demonstrate that if programming to enhance the strength and power qualities of the 
lower body for improved jump performance, then both conventional and the complex 
methods may potentially produce significant gains in CMJH and SVJ, when four minutes of 
rest are provided between sets of squats and three minutes of rest are provided between sets 
of jump squats. For example, a strength and conditioning coach conducting a session with a 
team of athletes, with limited space or equipment could have one group of team members 
executing squats while the other group performs jump squats, then following the completion 
of the desired number of sets the two groups could swap. This approach could lead to more 
time-efficient and better organised training sessions when limited space and equipment are 
available.  Furthermore, the coach would not have to be concerned with fatigue negatively 
impacting power output in a jump squat leading to a sub-optimal training effect. However, it 
should be noted that these results are specific to the protocol utilised in recreationally trained 
athletes and the results may be different if implemented with highly trained athletes. Finally, 
the results of this investigation highlight the need for exercise specificity, the magnitude of 
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increases observed in sprint performance following training dominated by squatting and 
jumping were not as high as those observed in measures of jump performance which holds 
greater postural similarity to the training exercises.  
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Chapter 6 
The Effect of Instructions on Countermovement 
Jump Variables 
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6.1. Introduction 
A countermovement jump (CMJ) is a vertical jump without an arm swing. If performed 
with no added resistance, the arms are often held on the hips (82) or a light stick is held on 
the shoulders (105). The CMJ is widely used as an exercise used to develop the explosive 
capabilities of leg muscles (28, 86) as well as a test of leg power (106). When used as a test, a 
variety of loads may be used to obtain an incremental-load profile with the objective of 
identifying the load that maximises power output, described as the “optimum load” (27, 29, 
33, 105). The power output expressed in Watts is a popular variable for assessment (22, 59), 
although other variables can be obtained which measure somewhat different expressions of 
muscle explosive function (123). To accurately measure power output, a system comprising a 
force platform to measure force directly and a position transducer to record distance directly 
is recommended (34). With such a system, a range of CMJ variables can be recorded such as 
power, jump height, force, velocity and rate of force development (RFD). Values can be 
expressed in absolute terms or relative to body mass, as mean or peak scores, and they can be 
described separately for the concentric and eccentric phases of the jump.  
CMJ variables have been shown to be sensitive to training methods to develop 
mechanical power (106), and previously in this thesis had been used to determine the acute 
responses and adaptations resulting from different training methods. Brought on by the large 
effect sizes observed in the pre-post changes in JH from Chapter five, it was questioned if the 
specific instructions to “jump for maximal height” were creating a bias towards that specific 
CMJ variable. In the drop jump exercise, instructions have been shown to have a marked 
effect on jumping performance (128). For example, when participants were instructed to 
jump for height from a 30cm drop, the mean jump height was 40.2 cm and the height divided 
by the ground contact time (interpreted as reactive strength) was 101 cm/s. When the same 
participants were instructed to jump for both maximum height and minimum ground contact 
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time, the jump height was reduced by 17.7% to 33.1 cm and the height/time was increased by 
89% to 191 cm/s. Unfortunately, the instructions used when administering a CMJ test have 
not been standardised, and can vary considerably. For example, one instruction reported in 
the literature was to “reach a maximum jump height” to maximise power output (23), while 
another was to move the resistance “as fast as possible” to achieve maximum power output 
(25). These examples indicate that some researchers emphasise jump height while others 
emphasise speed of movement. According to Dugan et al. (34), instructions can have a 
tremendous effect on the determination of the optimum load, and it is suggested that the 
instructions used should be addressed by researchers. A recent study by Porter et al. (96) 
compared various instructions on performance of a standing long jump. It was found that an 
instruction to focus on jumping for horizontal distance produced a superior performance      
(P < 0.05) than an instruction to extend the “knees as rapidly as possible”. Unfortunately no 
other jump variables such as force, velocity or power production were assessed. 
Sprinting is a common and important movement for most sports. Previous results 
presented in this thesis (Table 5.5. Pg. 86) and published research has highlighted the 
significant relationship between CMJ variables and sprint performance (60, 82, 123). 
Therefore, the strength of the relationship between CMJ variables and sprint performance 
may have implications on the programming of strength and power training to improve sprint 
performance. It is important to determine how instructions influence the correlation between 
variables obtained from the CMJ and measures of sprint performance.  
The main purpose of this study was to determine the influence of two different 
instructions on selected variables of CMJ performance. Another purpose was to determine the 
relationships between the CMJ variables and sprint performance and whether these 
relationships would differ for the two instructions. Determining this relationship will assist 
practitioners determine what instructions to provide to participants if assessing explosive 
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muscle function for the purpose of improving sprint performance. The findings of this study 
are expected to inform practitioners and researchers about the instructions that should be used 
to maximize power output to optimise testing using the CMJ. 
6.2. Methods 
6.2.1. Experimental approach to the problem 
A within-subjects repeated measures design was chosen to investigate the potential 
differences between two instructions for performing CMJ. One instruction emphasised jump 
height and the other emphasised the speed of leg extension. Participants were familiarised 
with the procedures by performing the warm-up and three sets of four CMJ with both 
instructions two to three days before testing.  Both CMJ tests were conducted in one session 
in a counterbalanced order so that half of the participants performed one CMJ condition first 
and the other half performed the other CMJ condition first. Participants were also assessed on 
sprint performance with a 20m sprint (Figure 6.1). 
6.2.2. Subjects 
Eighteen physically active males (mean ± SD age = 20.6 ± 1.1 years, height = 181.2 ± 
4.0 cm, body mass = 79.8 ± 5.3 kg) who currently or previously participated in sports such as 
track and field and various team sports involving jumping and sprinting at a recreational level 
were recruited. All participants had at least six months experience performing resistance 
training.  Participants signed an informed consent form, and the study was approved by the 
University Human Research Ethics Committee. 
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Figure 6.1. Flow-chart showing the sequence of testing. 
 
 
Warm-up for sprint test: 
• 4min jog 
• 4 sub-maximum run-
throughs (60, 70, 80, 95% 
max) 
20m sprint test  (10m and 10-20m): 
• 2 + trials with complete 
recoveries, 5 min rest 
 
Jump warm-up: 
• 1x4 at 50% max effort 
• 1x4 at 95% max effort 
 
Jump test 1: 
• listening to instruction 
• 1x4 JS, 5 min rest 
• listening to instruction 
• 1x4 JS 
• 5 min rest 
Jump test 2: 
• listening to instruction 
• 1x4 JS, 5 min rest 
• listening to instruction 
• 1x4 JS 
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6.3. Procedures 
6.3.1. Sprint test  
On arrival at the laboratory, a standardised warm-up was administered, which started 
with a four-minute jog. Participants were instructed to jog to increase body temperature. This 
was followed immediately with four 20m sub-maximum run-throughs at 60%, 70%, 80% and 
95% of maximum effort with a slow walk-back recovery. After about a one minute rest, the 
20m sprint test was conducted. The participant used a standing start with the toe of the front 
foot just behind the start line, and was allowed to start when ready. They were required to 
commence the sprint from a stationary position so that the first forward movement would 
trigger the timing. Dual-beam infra-red light gates (Swift Performance Equipment, Brisbane, 
Australia) were placed at the start, 10 and 20m. The testing was conducted indoors on an all-
purpose floor in a temperature-controlled building (approximately 20° C). Two 20m sprints 
were performed with complete recoveries of two to three minutes. If the second trial was 
better than the first, a third trial was performed and the best trial was retained for analysis. 
The time to 10m was considered as a measure of acceleration performance and the time 
between 10 and 20m (flying 10m) was considered as a measure of high-speed sprinting. The 
peak maximum speed for each participant was not assessed due to lack of the necessary space 
to conduct a longer sprint. 
6.3.2. CMJ testing 
The CMJ testing was conducted after a five-minute rest from the sprint test. It started 
with a specific warm-up consisting of two sub-maximum sets of four repetitions of CMJ at 
50% and 95% effort, respectively.  After this warm-up, an audio-recording was played stating 
that “when you jump we will be measuring the height of the jump as well as how much 
explosive force you produce when you push off the ground”. Immediately after this, a 
recorded instruction was played before commencement of the first CMJ test. These were: 
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1. Jump height instruction. “In this condition, just concentrate on jumping for maximum 
height”. 
2. Fast leg extension instruction. “In this condition, just concentrate on extending the 
legs as fast as possible to maximise explosive force”. 
The recordings of the instructions guaranteed that the delivery of the instructions was 
identical for all participants. This was considered important because a change in emphasis 
during a verbal instruction could be interpreted differently, which could influence the results. 
No other instructions were provided about the technique to use when performing the jumps. 
Following the first CMJ test, a five-minute rest was provided, and then the recorded 
instruction was played again immediately before a second set of four CMJ was performed. 
Another five-minute rest was provided and then the second CMJ instruction was played and 
that JS condition was assessed. Both CMJ tests consisted of two sets of four jumps, with 1-2 s 
between each jump. The mean of the two sets (eight jumps) for all CMJ variables was 
retained for analysis. This relatively high number of jumps was considered advantageous to 
determine a representative score for each instruction. 
6.3.3. Measurement of CMJ variables 
CMJ variables were assessed with the Ballistic Measurement System (BMS, Fitness 
Technology Australia), which consisted of a position transducer (PT5A) and a force platform 
(400 Series). The position transducer was attached to one end of a light pole (0.4 kg) which 
was held firmly on the shoulders. The force platform sampled force during the jump at 500 
Hz. Jump height was recorded from the peak height of the jump relative to the standing 
position. The downward distance of the countermovement (dip) was recorded from the bar 
displacement since this aspect of technique was not standardized or controlled. The jump 
height, peak power, peak velocity and peak force were all determined from the concentric 
phase of the jump and these variables have been shown to have good test and re-test 
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reliability with previously reported intraclass correlation coefficients (ICC) between  0.77 and 
0.89 (104).  Peak power was also expressed relative to body mass because this measure has 
been shown to be more strongly correlated to sprint performance than absolute peak power 
(121). 
6.3.4. Statistical analyses 
To compare CMJ under the two instruction conditions, paired t-tests were performed. 
The differences between the means in the instructions were also described with percentages 
and effect size statistics using descriptors of 0-0.19 = “trivial”, 0.2-0.59 = “small”, 0.6-1.19 = 
“moderate”, 1.2-1.99 = “large” and 2.0-4.0 = “very large” (62). Pearson correlations were 
performed to determine the relationships between CMJ variables and sprint performance, and 
the strength of the correlations were described as r = 0-0.09 = “trivial”, 0.10-0.29 = “small”, 
0.30-0.49 = “moderate”, 0.50-0.69 = “large”, 0.70-0.90 = “very large” (63). The Statistical 
Package for the Social Sciences (SPSS, Version 19) was used to perform the statistical tests, 
and significance was set at P < 0.05. 
 
6.4. Results 
The mean ± SD sprint times were 1.92 ± 0.07s, 3.22 ± 0.13s and 1.30 ± 0.07s for time 
10 m, 20 m and the 10-20 m, respectively.  The descriptive results and statistical comparisons 
for the two instruction conditions are shown in Table 6.1. The jump height instruction 
produced a greater (P <0.05) mean jump height, peak velocity and downward 
countermovement distance than the CMJ performed with the fast leg extension instruction. 
Conversely, the fast leg extension instruction yielded a greater (P < 0.05) peak force (3.7%) 
compared to the height instruction.  
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Table 6.1. Descriptive results (mean ± standard deviation) and statistical comparisons for the 
two instructions. 
 
CMJ variable Jump height 
instruction 
Fast leg extension 
instruction 
 % 
difference 
from JH 
instruction 
P value Effect size 
(descriptor) 
Height (cm) 45.9±5.8 44.0±5.2 -4.1 0.003 0.34 (small) 
Peak velocity (m/s) 2.58±0.24 2.43±0.23 -5.8 0.002 0.64 (moderate) 
Peak force (N) 1752.4±192.9 1817.6±242.7 3.7 0.029 0.30 (small) 
Peak power (W) 4089.7±622.5 4036.4±608.9 -1.3 0.181 0.09 (trivial) 
PP / weight (W/kg) 51.2±6.4 50.4±5.8 -1.6 0.165 0.13 (trivial) 
Downward dip 
distance (cm) 
 
54.9±10.0 
 
47.5±11.6 
 
-13.5 
 
0.001 
 
0.68 (moderate) 
 
There was a trivial difference between the instructions for PP and peak power/weight  
(P < 0.05). The correlations between the CMJ variables and the sprint test variables are 
shown in Table 6.2. The only large and statistically significant relationships were for jump 
height and 10-20 m time (r =-0.517 and -0.545 for height and fast leg extension instructions, 
respectively). The correlation between 10m time and 10-20 m time was r = 0.585, which 
represents 34% common variance.  
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Table 6.2.  Correlations between JS variable and sprint test variables for both conditions. The 
qualitative descriptor is in brackets. T=trivial, S=small, M=moderate, L=large, * P < 0.05 
 
 Jump height instruction Fast leg extension instruction 
 10-m time 10-20 m time 10-m time 10-20 m time 
Jump height -0.455 (M) -0.517 (L)* -0.330 (M) -0.545 (L)* 
Peak velocity -0.335 (M) -0.356 (M) -0.140 (S) -0.248 (S) 
Peak force -0.108 (S) -0.185 (S) -0.099 (T) -0.052 (T) 
Peak power -0.336 (M) -0.169 (S) -0.251 (S) -0.165 (S) 
Peak power/weight -0.373 (M) -0.195 (S) -0.288 (S) -0.199 (S) 
 
The difference in force-time curves between the two instruction conditions for a 
representative subject is shown in Figure 6.2. With the fast leg extension instruction, the peak 
force was greater but due to a smaller downward dip (not indicated on the curves), the total 
take-off time (eccentric plus concentric phases) was less, resulting in a lower jump height. 
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Figure 6.2. Example of force-times curves for a representative subject. 
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6.5. Discussion 
This was the first study to evaluate the effect of instructions on the performance of CMJ 
variables. The main finding was that there was no statistically significant difference between 
the CMJ with different instructions for peak power output (P > 0.05), but there were small to 
moderate differences for the other variables (P < 0.05). In regards to the previous 
investigations within this thesis, the lack of a significant difference in PP between the two 
instructions means that the interpretation of the results in Chapter 4 cannot be questioned 
based upon the specific instructions prior to the CMJ. However, prior to every set of jumps 
performed for training during Study Four, the instructions were to “jump for maximal 
height”, therefore, the changes in CMJ variables following the training in Chapter 5 could 
have been influenced by the instructions provided during testing and training.  
The mean difference in peak power with the two instructions was 1-2%. This occurred 
because although the fast leg extension instruction caused an increase in peak force, it was 
accompanied by a decrease in velocity. Further, the difference between the instruction 
conditions was similarly trivial when peak power was expressed relative to body weight. 
Although this trivial change in peak power suggests that CMJ performance was insensitive to 
different instructions, peak power is not the only useful CMJ variable. Hori et al. (60) 
reported that jump height had a slightly stronger correlation with 20m sprint performance 
than peak power/weight. This is consistent with the findings in the present study where 
stronger correlations were found for jump height than peak power or peak power/weight with 
sprint performance, regardless of the CMJ instruction. Since jump height was significantly 
greater with the jump height instruction (P = 0.003), it can be concluded that instructions 
have a meaningful influence on CMJ performance, at least as the CMJ relates to sprinting.  
The fast leg extension instruction produced a 3.7% greater peak force production 
compared to the jump height instruction, and this was accompanied by 7.4cm (13.5%) 
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smaller mean downward countermovement. This suggests that the concentric phase of the 
jump would have commenced from slightly greater hip and knee angles. It is likely that these 
larger joint angles explain the greater peak force produced due to a more favourable      
length-tension relationship for the hip and knee extensor muscles. The fast leg extension 
instruction produced a decreased jump height, and this is consistent with the reduced 
horizontal distance produced during a standing long jump under a similar instruction (96). If 
the fast leg extension causes a reduced countermovement distance and take-off time, a 
smaller impulse and velocity at the instant of take-off can be expected, resulting in a smaller 
jump distance (vertically or horizontally). 
In the present study, the relationships between peak force in the CMJ and sprint 
performance were trivial to small (Table 6.1, Pg. 104). However previous research has shown 
peak force to correlate strongly (r = -0.70, P < 0.05) with 10m time (81) and 2.5m time from 
a block start (r = -0.86, P < 0.05) (126). Therefore it remains unclear which CMJ variables 
are most related to sprint performance. This ambiguity is likely to be related to various 
factors including the instructions for the CMJ, different CMJ protocols and equipment used, 
the athletic sample tested, and the speed qualities assessed in sprint testing. Additionally, 
executing multiple sets of CMJ and only between two to three sprint attempts, where a third 
sprint attempt was made only if the second was faster than the first may have impacted these 
results. 
The findings of this study should provide impetus for future research to evaluate 
aspects not examined in this study.  Since an in-depth biomechanical analysis of the CMJ 
associated with the two instructions was not conducted, it is not possible to explain how 
participants interpreted the instructions and modified their technique. A comprehensive 
analysis of CMJ technique, including a more in-depth analysis of the force-time curve using 
different instructions would be valuable for future research. Inclusion of muscle activation 
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patterns via electromyography may also be useful. Additionally, recent research by Nibali et 
al. (95) has highlighted that assessment of the eccentric phase of a CMJ may provide valuable 
insight into explosive leg muscle function. The current investigation did not analyse these 
variables, however future research could focus on how the eccentric phase of jump squat is 
influenced by specific instructions. Furthermore, since only two instructions were compared 
in the present study, it would be worthwhile assessing other instructions that could potentially 
affect power output. A recent investigation by Porter et al. (96) demonstrated the significant 
effect an instruction that provides an external focus of attention can have on the performance 
of a standing long jump, however it is not known if combining an external and internal focus 
can improve both performance and increase CMJ variables. For example, an instruction to 
jump for maximum height and a fast leg extension could yield greater power output and 
improve jump height since these instructions would seem to maximise peak velocity and peak 
force, respectively. Our study used a limited number of CMJ variables and was only 
performed with body weight as the resistance to the jumps. Therefore future research could 
use other CMJ variables and aim to determine if the differences between the instructions 
remain when CMJ are performed with additional loads or unloaded conditions (less than 
body weight).  
 
6.6. Practical Application 
The present study demonstrated that jump height, peak velocity, peak force and the 
downward dip distance in the CMJ were all influenced by the instructions provided. The first 
implication is that instructions should be standardised so that comparisons can be made over 
time when monitoring athletes. If this is not done, it is possible that an athlete may vary the 
emphasis applied during different jumps, which would be expected to influence CMJ 
performance. This in turn, would potentially influence the strength qualities being assessed.  
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Based on the correlations with sprint performance, it is not clear which of the two 
instructions is preferred for testing or training athletes who require explosive leg muscles for 
sprinting. However, if it is known that peak velocity with maximum jump height is the main 
goal, the height instruction would be preferred. Likewise, if PF in the CMJ is desired, the fast 
leg extension instruction would be a better choice. It is not necessary to specify the depth of 
the dip as this appears to be adjusted naturally according to the instruction provided.  
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Chapter 7 
Summary and Conclusions 
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7.1. Summary  
This thesis sought to determine how various complex and contrast methods acutely and 
chronically influenced power output and other measures of lower body explosive muscle 
function. Previous research has demonstrated the potential that PAP- inducing protocols hold 
for acute enhancements in lower body explosive muscle function, however, little attention 
had been paid to the complex method and few studies had attempted to compare static and 
dynamic conditioning action (34, 114). Furthermore, little was known about how these 
training methods influence changes in strength, power, sprint and jump performance 
following an extended training period. Lastly, throughout the studies presented in this thesis 
the CMJ was used to assess participant’s lower body explosive muscle function. As 
previously discussed there are several variables obtained from the CMJ that relate to leg 
muscle function (123). It was questioned whether the instruction to “jump for maximal 
height” was creating a bias towards obtaining a maximal CMJ jump height and sacrificing 
other variables mainly peak power which would have implications for determining which 
protocol maximised lower body power output (Chapter 4). 
In order to determine how various training protocols acutely influenced measures of 
explosive muscle function over several sets of jump squats, which is similar to how a training 
session is structured, the reliability of the selected variables over the course of several sets 
had to be determined. Results from the first study in this thesis highlight that all variables 
demonstrated acceptable reliability between individual sets and sessions however significant 
differences existed between the first and second session for jump height (JH) and bar velocity 
(BV) causing them to be excluded from the acute study described in Chapter Four. It is 
important to note that these variables were reintroduced in Chapter Five to determine the 
effects of training because during pre and post testing for that specific investigation only a 
single set of CMJs were performed and reliability of a single set of CMJs had been previously 
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established in the literature by Sheppard et al. (106).  These results indicate that if planning to 
use JH and BV as variables to determine the efficacy of a training method, then more 
familiarisation may be needed than if using PF or PP. 
Once reliability was determined, Study Two assessed how PP was influenced by 
various protocols consisting of static and dynamic contractions in the complex and contrast 
methods from both seated and standing positions. The results of this study showed that the 
protocol which optimised PP output was the conventional method, where no previous heavy 
resistance back squats were performed prior to jump squats and two minutes of rest occurred 
between sets. A novel finding from Study Two was that the dynamic complex method was 
the only unconventional method that elicited a PP output that was not significantly lower than 
then the conventional training method. Based upon this finding the dynamic complex method 
was then implemented into the nine-week training study. 
The training study was a comparison between the conventional and complex methods. 
The main finding was that following training, both methods produced similar results. 
However, the complex group had a significantly greater improvement in running vertical 
jump than the conventional group. Previous research (125) demonstrated that reactive 
strength is a quality that significantly correlates with running vertical jump performance. The 
positive effects of a PAP protocol on reactive strength have been previously documented in 
the literature (20, 43, 47). Although it cannot be concluded that complex training enhances 
reactive strength greater than conventional training, this finding highlights an area for future 
research. Additionally, conventional training resulted in significant improvements in PF and 
PP that were not observed in the complex training group however, there was no significant 
difference between groups. The findings demonstrate that if prescribing resistance training 
for recreationally trained athletes a coach can prescribe back squats prior to jump squats and 
not question whether the jump squats are being performed in a state of fatigue. Due to the 
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large effect sizes observed in the pre-post changes in JH obtained from the CMJ assessment 
compared to the other variables, a study to determine the influence of two specific 
instructions on CMJ variables was conducted. 
Currently no standardised instructions exist for the CMJ assessment. Because of this, 
and the lack of commonality between the individual variables that can be obtained from the 
test, it was questioned, that if a specific variable was emphasised during the instruction, that 
variable would then be enhanced during the execution of the jump. Results from this 
investigation demonstrated that instructions do influence the specific variables obtained in the 
CMJ, however PP was not significantly different between the two instructions. The lack of a 
significant difference in PP between the two instructions could be due to PP being the 
product of the two variables emphasised in the instruction (force of movement and velocity of 
movement). The findings from this particular investigation highlight the importance of 
standardised instructions, and that practitioners may want to provide instructions specific to 
the variable they are using to determine the efficacy of their training program. 
 
7.2. Conclusions 
From the studies presented in this thesis the following conclusions can be made: 
1. The variables of JH, BV, PP and PF obtained from the CMJ assessment can be 
considered reliable between individual sets within a testing session and between 
testing sessions separated by 48-72 hours. Although shown to be reliable, when 
using recreationally trained athletes as subjects, more than two familiarisation 
sessions should be performed prior to testing. 
2. The conventional method elicited significantly greater PP output than all 
unconventional training methods with the exception of the dynamic complex 
method. 
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3. When dynamic conditioning actions are used and four minutes of recovery after 
each set of conditioning actions, the complex method was significantly greater 
than the contrast. However, when static conditioning actions were used there 
was no difference between the two methods. 
4. In the contrast method there was not a significant difference in PP when static 
or dynamic contractions were utilised as conditioning actions. In the complex 
method, the PP output produced when dynamic conditioning actions were use 
was significantly greater than when static conditioning actions were used. 
5. Peak Power was not negatively affected by altering body position from a 
standing to seated position when static conditioning actions were used in the 
contrast method. 
6. Following nine weeks of training, the complex method elicited greater gains in 
running vertical jump performance than the conventional method. However, 
there were no differences between groups in standing vertical jump, and sprint 
performance. 
7. Conventional training resulted in significant within-group improvements in all 
CMJ variables when performed with body weight only. Complex training led to 
significant within group improvements in JH and BV only. However, Complex 
training resulted in significant improvements in JH and BV when CMJ’s were 
performed with an external load equivalent to 10% of the participants 1RM. 
8. The instructions provided to a participant executing the CMJ to assess lower 
body explosive muscle function influences the variables obtained from the test.  
Page | 116 
 
7.3. Practical Application 
The outcomes of this thesis provide a several considerations for the application of 
complex and contrast training for coaches aiming to enhance lower body explosive muscle 
function. These considerations include: 
1. If using the CMJ to assess the lower body explosive muscle function in 
recreationally trained athletes, the variables of JH, BV, PF and PP are all 
reliable variables for a coach or sport scientist to use, however sufficient 
familiarisation with the test should take place prior to training to ensure that no 
learning effect has occurred. 
2. As the conventional method resulted in the greatest acute PP output of all the 
methods, it cannot be recommended that any of the unconventional methods be 
used if a coach is aiming to acutely enhance PP to a greater extent than can be 
achieved through conventional training. However, if coaching recreationally 
trained athletes, the DCOMP protocol outlined in this thesis would provide an 
option for coaches who have limited and time and space to train both strength 
and power. For example, a group of athletes could execute their back squats to 
develop strength while another group performs their jump squats to develop 
power. The two groups could then switch exercises and the coach would not 
have to worry that one group is receiving a sub-optimal power training stimulus. 
It is important for practitioners to realise that a different complex or contrast 
protocol could produce different results, and individuals will respond differently 
to the protocols.  
3. When in a specific phase of training within a periodised program for 
recreationally trained athletes, where the goal is to enhance lower body force 
production, sprint and jump performance, both conventional and complex 
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training can be implemented. This provides coaches with another option to use 
in their programming. 
4. Strength and conditioning coaches along with sport scientists often use the CMJ 
assessment to determine the efficacy of training programs. Coaches should 
provide the athlete with a specific instruction prior to the test to ensure that the 
athlete is maximising the physical expression of the variable that is being used 
to determine the efficacy of training. 
7.4. Recommendations for Future research  
The purpose of this thesis was to determine the acute effects and chronic adaptations 
associated with complex and contrast training methods. A possible extension to the 
investigation of acute responses to various complex and contrast protocols (Chapter Four) 
would be to investigate changes in the mechanisms believed to be associated with PAP within 
each condition. Due to the availability of non-invasive methods to measure changes in motor 
unit recruitment (electromyography) and changes in muscle architecture (ultrasonography), 
these mechanisms would be able to be assessed relatively easily. However, specifically with 
the use EMG it is often difficult to get meaningful and sensitive results. Each of these 
methods influenced the relationship between fatigue and potentiation differently; therefore it 
is possible that the acute mechanistic responses would be different between each of the 
conditions. Additionally, recent research by Nibali et al. (95) demonstrated that variables 
obtained from the eccentric phase of a CMJ were potentiated to a greater extent than the 
variables obtained during the concentric phase of the CMJ. Future research could investigate 
how eccentric CMJ variables acutely respond to the various methods and how changes in 
these eccentric variables relate to changes in concentric CMJ variables.  
The training study presented in Chapter Five was a novel investigation that compared 
changes in lower body explosive force, sprint and jump performance between conventional 
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and complex training methods. A logical extension would be to include either 
electromyography to measure changes in motor unit recruitment, or ultrasonography to 
measure changes in muscle architecture prior to and following the nine weeks of training. 
Therefore, reasons for changes in the force producing capabilities of the lower body could be 
better understood. Additionally, variables obtained from the eccentric phase of the CMJ could 
be assessed prior to, and following, training to determine how changes in concentric 
variables, sprint and jump performance correlates with changes in eccentric variables. 
Furthermore, results of previous investigations (20, 43, 47) demonstrated that reactive 
strength, which is the ability to express power in a stretch shortening cycle, is acutely 
enhanced following a heavy conditioning action. The intriguing finding from the training 
study is that complex training produced a produced a significantly greater improvement in 
running vertical jump than conventional training. There is currently limited research looking 
into how complex or contrast protocols affect the qualities that underlie performance of a 
running vertical jump. Because of this, future research could investigate the changes in 
reactive strength and stretch shortening cycle performance following training for an extended 
period of time with the conventional method or an unconventional method. Additionally, 
future research should investigate different protocols using less fatiguing conditioning actions 
or longer recovery periods to determine their acute and longer term effectiveness. 
Finally, the investigation into the effects of instruction on selected variables obtained 
from a CMJ (Chapter Six) highlighted the influence that instructions can have on the 
outcomes of the assessment. Although, there was no significant change in PP, future research 
into this area could use a third instruction that emphasises both force and velocity in an 
attempt to produce an improvement in PP. 
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Appendix one – Ethics Approval 
Approval   
Human Research Ethics Committee 
Principal Researcher: Warren Young 
 
Student/Other Researcher/s: Scott Talpey 
Natalie Saunders 
 
School/Section: HMSS 
 
Project Number: A11-066 
 
Project Title: Efficacy of various complex and contrast set protocols for 
acute responses and chronic muscle power development 
 
For the period: 30/6/2011      to      15/3/2013 
 
 
Please quote the Project No. in all correspondence regarding this application. 
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An annual report for this project must be submitted to the Ethics Officer on:  
30 June 2012 
www.ballarat.edu.au/ard/ubresearch/hdrs/ethics/humanethics/docs/final_report.doc 
 
 
A final report for this project must be submitted to the Ethics Officer on:  
15 April 2013 
www.ballarat.edu.au/ard/ubresearch/hdrs/ethics/humanethics/docs/final_report.doc 
 
 
 
 
 
 
Ethics Officer      
30 June 2011 
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CONDITIONS OF APPROVAL 
 
1. The project must be conducted in accordance with the approved application, including 
any conditions and amendments that have been approved. You must comply with all of 
the conditions imposed by the HREC, and any subsequent conditions that the HREC may 
require.  
 
2. You must report immediately anything which might affect ethical acceptance of your 
project, including:  
 
- Adverse effects on participants; 
- Significant unforeseen events;  
- Other matters that might affect continued ethical acceptability of the project.  
  
3. Where approval has been given subject to the submission of copies of documents such as 
letters of support  or approvals from third parties, these must be provided to the Ethics 
Office before the research may commence at each relevant location.  
  
4. Proposed changes or amendments to the research must be applied for, using a ‘Request 
for Amendments’ form, and approved by the HREC before these may be implemented.  
  
5. If an extension is required beyond the approved end date of the project, a ‘Request for 
Extension’ should be submitted, allowing sufficient time for its consideration by the 
committee. Extensions cannot be granted retrospectively.  
 
6. If changes are to be made to the project’s personnel, a ‘Changes to Personnel’ form 
should be submitted for approval. 
  
7. An ‘Annual Report’ must be provided by the due date specified each year for the project 
to have continuing approval.  
  
8. A ‘Final Report’ must be provided at the conclusion of the project.  
  
9. If, for any reason, the project does not proceed or is discontinued, you must advise the 
committee in writing, using a ‘Final Report’ form.  
  
10. You must advise the HREC immediately, in writing, if any complaint is made about the 
conduct of the project.  
  
11. You must notify the Ethics Office of any changes in contact details including address, 
phone number and email address.  
  
12. The HREC may conduct random audits and / or require additional reports concerning the 
research project.  
 
 
Failure to comply with the National Statement on Ethical Conduct in Human 
Research (2007) and with the conditions of approval will result in 
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Appendix two – Plain language statement 
Plain Language 
Information Statement  
 
SCHOOL OF: Human Movement and Sport Sciences 
 
 
PROJECT TITLE: The efficacy of various complex and contrast set protocols 
for acute responses and chronic muscle power 
development. 
PRINCIPAL RESEARCHER: Dr. Warren Young 
School of Human Movement and Sport Sciences    Phone: 
(03) 5327 9685 
OTHER/STUDENT 
RESEARCHERS: 
Scott Talpey                                                                 School 
of Human Movement and Sport Sciences   Phone: 0432 
654 733 
Dr. Natalie Saunders                                                    School 
of Exercise and Nutrition Sciences               Phone:  (03) 
9244 3729                   
 
 
Purpose of the project 
As part of a Doctoral degree in Human Movement and Sport Sciences, Scott Talpey will be 
conducting two research studies under the supervision of Dr. Warren Young and Dr. Natalie 
Saunders, which have received approval from the University of Ballarat Human Research 
Ethics Committee. The focus of the research is to investigate acute responses and chronic 
muscle power development following training with complex (back squats performed prior to 
jumps) and contrast (back squats and jumps alternated on a set by set basis) sets. The 
objective is to find a lower body resistance training protocol utilising variations of the back 
squat exercise and jump squats which produces an acute increase in lower body power out. 
The protocol which produces the greatest acute increase in muscle power output will then be 
implemented into a nine week training program to determine its effects on power output, 
sprint, and jump performance. 
 
Participant requirements 
In preparation for participation in the research project you will perform a four-week training 
program designed to enhance lower body strength.  This training program will consist of 
traditional lower body strength exercises. The purpose of this program is to prepare you for 
the physical demands of the research project. 
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For participation in Study 1 you will attend a total of eight sessions. The first two sessions 
will introduce you to the testing procedures, and assess your strength in the back squat 
exercise using a one repetition maximum (1RM) effort test. The following six sessions will 
be performed in randomised order and separated by a minimum of 48 hours. During these 
sessions you will perform three sets of maximal or near maximal effort back squats and three 
sets of maximal intensity jump squats in various orders.  
 
Prior to beginning the training program (in study 2) your lower body strength will be assessed 
with a 1RM back squat assessment. Power output will be measured during the performance 
of countermovement jumps, which is a maximum effort jump from a standing position 
following a quick bend of the knees, with loads of body weight only, and body weight plus 
10, 20 and 30% of your 1RM back squat. Vertical jump height will be measured under a 
standing and run-up condition, and sprint performance will be assessed with a 25m sprint. 
Following this testing you will partake in a nine-week training program consisting of two 
training sessions per week. During training sessions you will perform three sets of four back 
squats at maximal or near maximal intensities and three sets of four jump squats at maximal 
intensity. You will be asked to maintain a training diary to document your training loads and 
how you feel you are coping with the training. The diary is confidential and will only be 
viewed by the researcher. Following the nine weeks of training you will undergo the same 
testing procedure that was performed prior to the training program. 
 
Time and place of research 
The general strength training prior to Study 1 will start on the 5th of September 2011. These 
training sessions will be performed on your time. The data collection period for Study 1 runs 
from the beginning of September to the first week of November. All testing sessions will take 
place at the University of Ballarat, and last for approximately 45 minutes. Study 2 runs from 
mid February to early May, and training sessions will last for approximately 45 minutes, and 
take place at the University of Ballarat. You will be notified of the specific time and date for 
your training sessions by members of the research staff. 
 
What are the risks of participation? 
When participating in any physical activity there is a risk of injury, and the possibility that 
you may feel uncomfortable during and following the session.  You will be performing 
maximal and near maximal effort lifts and one potential risk is muscle strain. However, every 
effort will be made to minimise risks by evaluation of exercise technique, the performance of 
a warm-up prior to the session, and the availability of spotters to provide physical assistance 
during the execution of an exercise if necessary. 
 
What are the potential benefits of participation? 
Participation in this unique research project may lead to increased lower body strength and 
power. Increasing lower body strength and power can increase your capacity to perform 
explosive movements such as sprinting, and jumping which are commonly utilised in sports.  
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What are your rights as a participant? 
At anytime during the testing process, you are free to withdraw by informing any member of 
the research staff. If you are a student of the University of Ballarat, any withdrawal from the 
study will not affect any academic relationship with the University of Ballarat and the 
researchers. 
 
What happens to the results? 
Information that is obtained during these tests will be treated as privileged and confidential, 
subject to legal limitations. However, a small sample size may cause difficulty regarding 
privacy/anonymity. These results will not be released or revealed to any person. However, the 
information obtained may be used for statistical analysis or scientific purposes with your 
right to privacy retained. Results must be securely maintained for a minimum of five years, 
following this time period all documentation will be deposed of. 
 
If you have any questions, or you would like further information regarding the project titled The 
efficacy of various complex and contrast set protocols for acute responses and chronic muscle 
power development, please contact the Principal Researcher, Dr. Warren Young of the School of 
Human Movement and Sport Sciences:  
PH: (03) 5327 9685 
EMAIL: w.young@ballarat.edu.au      
 
Should you (i.e. the participant) have any concerns about the ethical conduct of this research project, 
please contact the University of Ballarat Ethics Officer, Research & Graduates Studies Office, 
University of Ballarat, PO Box 663, Mt Helen  VIC  3353.   Telephone:  (03)  5327 9765, Email:  
ub.ethics@ballarat.edu.au 
 
CRICOS Provider Number 00103D 
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Appendix three – Informed consent 
Consent Form 
 
 
PROJECT TITLE: 
 
The efficacy of various complex and contrast set protocols for acute 
responses and chronic muscle power development 
RESEARCHERS: Dr. Warren Young 
Scott Talpey 
Dr. Natalie Saunders 
 
 
Code number allocated  
to the participant: 
 
 
 
Consent – Please complete the following information: 
 
I, . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . of . . . . . . . . . . . . . . . . . . . . . .   
. . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . 
hereby consent to participate as a subject in the above research study.  
 
The research program in which I am being asked to participate has been explained fully to me, 
verbally and in writing, and any matters on which I have sought information have been 
answered to my satisfaction. 
 
I understand that: all information I provide (including questionnaires) will be treated with the 
strictest confidence, subject to legal limitations, and data will be stored separately from any 
listing that includes my name and address. 
 aggregated results will be used for research purposes and may be reported in scientific and 
academic journals 
 I am free to withdraw my consent at any time during the study in which event my 
participation in the research study will immediately cease and any information obtained 
from it will not be used. 
 once information has been aggregated it is unable to be identified, and from this point it 
is not possible to withdraw consent to participate 
 
 
SIGNATURE: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DATE: . . . . . . …….. . . .. . . . …………. 
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